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IRRIGATION  UNDER  BRITISH  ENGINEERS. 

By  Major  Sir  Hanbury  Brown  *  K.  C.  M.  G.,  M.  Inst.  C.  E., 

Late  R.  E. 


Introduction, 


tThis  paper  deals  with  irrigation  in  India  and  Egypt,  the  two 
schools  in  which  hitherto  all  British  irrigation  engineers  have  got 
their  practical  training.  The  subject  of  India  has  been  dealt  with 
by  Mr.  R.  B.  Buckley,  C.  S.  I.,  M.  Inst.  C.  E.,  late  Chief  Engineer 
of  Bengal,  as  his  experience  of  Indian  irrigation  is  longet,  wider 
and  more  recent  than  the  writer's. 

As  a  consequence  of  the  difference  that  exists  in  the  climatic 
conditions  of  the  two  countries,  there  is  a  corresponding  difference 
in  the  system  of  canal  administration.  There  is  so  little  rain  in 
Egypt  that  without  irrigation  there  can  be  no  crops.  In  India,  on 
the  other  hand,  the  rainfall,  though  precarious,  is,  in  some  seasons 
and  in  certain  localities,  sufficient  for  the  crops.  Hence,  in  such 
places,  it  is  a  matter  of  choice  based  on  speculation,  whether  canal 

*  Late  Inspectoi*  General  of  Irrigation  in  Egypt, 
t  W.  W.  (1);  R.  B.  B.  (2). 
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water  Is  taken  or  not.  If  taken,  it  must  be  paid  for.  Consequently, 
the  areas  of  crop  irrigated  have  to  be  measured  yearly,  and  a 
permanent  staff  has  to  be  kept  for  the  purpose.  The  system  necessi- 
tates a  number  of  forms  and  elaborate  checks,  harassing  for  both 
those  who  collect  and  those  who  pay  the  water-rates.  But  in  Egypt 
there  are  no  separate  water-rates,  the  payment  of  the  land  tax 
conferring  the  right  to  a  water  supply.  For  irrigation  is  an  abso- 
lute necessity  for  all  farming,  and  without  it  there  would  be  no 
collections  of  land  tax.  So  all  cultivable  land  is  taxed,  and  if,  in 
consequence  of  a  low  flood,  or  from  other  causes  for  which  the 
farmer  is  not  responsible,  water  is  not  available  for  raising  a  crop 
on  cultivable  land,  the  land  tax  is  remitted  on  the  un-irrigated 
area.  But  remissions  of  this  nature  are  exceptional  and  no  special 
staff  has  to  be  maintained  to  make  the  necessary  measurements. 
*The  land  tax,  according  to  a  re-assessment  lately  made,  is  fixed 
at  a  little  less  than  one-third  of  the  renting  value  of  the  land, 
subject  to  a  maximum  rate  of  £1  12  6  an  acre.  The  average  land 
tax  is  15  shillings  an  acre. 

As  the  subject  of  "Irrigation"  is  a  large  one,  and  limits  have 
been  assigned  to  this  paper,  references  are  given  in  foot  notes  to 
the  various  publications  in  which  fuller  information  may  be  found. 
A  list  of  these  publications  is  appended. 

India. 

tThe  oldest  artificial  systems  of  irrigation  are,  probably,  those 
which  arose,  mainly  from  the  natural  action  of  the  floods  of  the 
Euphrates  and  the  Nile,  in  the  lands  of  Mesopotamia  and  Egypt. 
But  in  India,  also,  in  the  Valley  of  the  Indus,  the  regular  annual 
rise  of  the  river  induced  periodical  floodings  of  lands,  situated  at 
suitable  levels,  by  the  action  of  Nature  alone.  The  inliabitants  on 
the  banks  of  the  Indus  soon  learnt  to  excavate  small  channels 
through  the  lands  on  the  river  bank,  which  were  higher  than  those 
further  from  the  stream,  with  the  object  of  introducing  the  rising 
water  of  the  river  to  lands  which  it  did  not  naturally  reach,  (y 
reached  only  at  too  late  a  date;  and  so  these  people  commenced  the 
vast  system  of  canals,  called  inundation  canals,  which  have  tapped 

*W.  W.  (l),p.  390. 
tR.  B.  B.  (2.) 
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the  Indus  for  unknown  ages.  In  Madras,  on  the  other  side  of 
India,  the  earliest  works  were  mainly  tanks,  many  of  them  of  con- 
siderable size,  which  were  constructed  by  throwing  earthen  embank- 
ments across  gorges  to  impound  the  drainage.  Many  of  these  tanks, 
which  were  constructed  more  than  two  thousand  years  agd,  are 
still  efficient.  Some  of  them  were  supplied  with  masonry  sluices 
to  draw  off  the  water  at  the  time  when  it  was  required,  but,  in  most 
cases,  the  regulation  of  the  supply  was  effected  by  cuts  made  in 
the  earthen  bank  of  the  re^rvoir,  at  various  levels,  as  the  water 
in  the  tank  was  drained  off.  In  many  other  parts  of  India,  besides 
Madras,  surface-tanks  were  common  and,  more  or  less,  efficient  in 
protecting  the  crops,  but  all  such  works  have  the  great  defect  that 
they  are  least  efficient  in  years  of  small  rainfall,  when  the  water 
is  most  required.  The  century  in  which  artificial  irrigation  was 
first  practised  in  India  must  remain  a  matter  of  speculation;  the 
introduction  of  it  was  probably,  in  many  parts,  contemporaneous 
with  cultivation  itself.  One  of  the  earliest  historical  references  to  it 
is  to  be  found  in  the  writing-s  of  Megasthenes,  who,  300  years  before 
Christ,  described  the  benefit  which  was  conferred  on  the  people  by 
the  double  crops  they  derived  from  irrigation.  The  earliest  work 
of  importance  of  which  there  is  any  record  is  the  construction  of 
the  "Grand  Anient"  on  the  Cauvery  River  in  Madras,  a  stone  weir 
1  000  ft.  long,  40  to  60  ft.  broad  and  15  to  18  ft.  deep,  which  is 
said  to  have  been  built  200  years  after  Christ.  It  fulfilled  its  pur- 
pose for  centuries  and  was  still  in  effective  operation  in  1830,  but 
changes  in  the  river  have  since  rendered  it  of  much  less  importance. 
In  Northern  India,  Timur  the  Tartar,  if  he  did  many  evil  deeds, 
seems  to  have  done  some  good  by  the  interest  he  took  in  irrigation 
and  the  stimulus  he  applied  to  it  by  his  laws.  The  earliest  canals 
in  that  part,  of  which  there  is  any  record,  are  the  perennial  canals 
taking  oft'  the  Jumna  River.  The  one  on  the  west  bank,  in  the 
Punjab,  is  attributed  to  Firuz  Shah,  who,  about  the  middle  of  the 
fourteenth  century,  is  said  to  have  cut  a  canal  to  irrigate  his 
favourite  hunting-grounds.  The  canal  fell  into  disrepair,  but  was 
restored  by  the  great  Akbar  in  the  sixteenth  century.  Again,  early 
in  the  seventeenth  century,  the  Emperor  Shah  Jehan  carried  the 
canal  by  aqueducts  and  a  deep  rock  cutting  into  Delhi.  The  Eastern 
Jumna  Canal,  on  the  east  bank  of  the  river,  was  commenced  by 
Shah  Jehan  about  the  same  time. 
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Irrigation  by  means  of  "karezes"  had  been  practised  in  Balu- 
chistan, it  is  believed,  for  centuries  before  the  same  system  was 
introduced  in  Italy  under  the  name  of  "fontanelli."  A  "karez"  is 
a  tunnel  driven  into  the  ground,  generally  into  a  hillside,  to  tap 
the  underground  springs.  The  Baluchis  are  most  clever  in  selecting 
suitable  sites  and  in  driving  these  headings.  They  run  them  some- 
times for  miles  vpith  occasional  shafts  rising  to  the  surface.  It  is 
claimed  for  the  water  of  the  '"karez"  that  it  is  far  better  for  crops 
than  the  water  of  surface  streams,  as  the.  temperature  is  higher. 
In  the  Himalayas,  the  hillsides,  in  parts,  are  bright  with  little 
streams,  cleverly  aligned  on  contours,  which  run  from  the  beds  of 
torrents  to  the  patches  of  cultivation,  which  are  terraced  by  the 
natives  on  the  gentler  slopes.     Such  little  canals  are  very  old. 

So,  India,  long  before  the  British  engineer  brought  his  level 
and  theodolite  to  bear,  knew  the  value  and  practised  the  art  of 
irrigation,  and  the  British  engineer  had,  first,  to  learn,  before  he 
essayed  to  teach. 

By  far  the  greater  part  of  the  rainfall  of  India  is  due  to  the 
southwest  monsoon,  which  occurs  between  June  and  October;  indeed, 
in  the  Bombay  Presidency  it  may  be  said  that  the  rainfall  is  prac- 
tically restricted  to  that  season.  The  latter  part  of  the  cold  weather 
and  earlier  spring  months  are  the  times  of  the  winter  rainfall  in 
Northern  India.  The  extreme  northwestern  districts  receive,  at  that 
time,  about  half  their  annual  fall.  During  the  hot  weather  months, 
March  to  May  or  June,  thunder-storms  are  not  uncommon  in  parts, 
but  generally  the  greater  portion  of  India  is  without  rainfall  at  that 
time.  The  intensity  of  the  rainfall  varies  enormously;  as  the 
clouds  drift  eastward  from  the  summit  of  the  western  hills  the 
rainfall  drops  almost  suddenly  from  100  to  25  in.  in  the  year,  and 
a  long  tract  of  land  is  left  extending  from  Rajputana  to  Cape- 
Comorin  in  which  the  rainfall  is  scanty  and  precarious.  *The 
average  rainfall  of  the  whole  of  India  is  about  42  in.,  and,  taking 
the  country  as  a  whole,  the  rainfall  does  not  vary  greatly  from 
year  to  year.  But,  in  particular  tracts,  in  themselves  large  areas, 
the  rainfall  is  subject  to  very  great  variation,  and,  speaking  gen- 
erally, it  may  be  said  that,  the  smaller  the  average  rainfall  of  any 
tract  is,  the  greater  is  the  probability  that  the  fall  will  be  below  the 
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average.  When  the  average  rainfall  is  10  to  12  in.  only,  cultivation 
is  almost  impossible  without  irrigation — there  are  some  150  000  to 
200  000  sq.  miles  in  this  condition — and,*  on  the  other  hand,  when 
the  rainfall  exceeds  70  in.,  as  it  does  in  Eastern  Bengal  and  Assam, 
there  is  hardly  ever  any  necessity  for  irrigation  at  all.  Intermediate 
between  these  two  conditions  there  is  a  tract  of  almost  1 000  000 
sq.  miles  where  irrigation  alone  can  secure  the  country  from  an 
occasional  loss  of  its  crops,  although  such  loss  will  never  occur 
simultaneously  over  all  the  area. 

*The  alluvial  formation  covers  the  greater  part  of  Northern 
India  from  the  Himalayas  to  the  Vindhyas,  and  extends  in  a  narrow 
fringe  round  the  coast  line  of  the  peninsula.  The  substrata  consist 
usually  of  alternate  layers  of  sand  and  clay;  the  surface  shews 
every  variety  of  soil  from  the  blown  sands  of  the  western  deserts 
to  the  rich  loam  of  the  Ganges  Valley,  and  of  the  Kistna  and 
Godaveri  Deltas.  The  prevailing  soil  is  a  yellow  or  red-brown  loam 
which  yields  a  largely  increased  out-turn  under  irrigation. 

The  trap  formation  covers  an  area  of  about  200  000  sq.  miles 
lying  in  the  Bombay  Presidency,  Berar,  and  partly  in  the  Central 
Provinces,  Hyderabad  and  Central  India.  When  dried  by  the  heat 
of  the  sun,  the  soil  contracts,  in  some  cases,  to  an  mivisual  extent, 
seaming  the  country  with  cracks  to  a  depth  of  several  feet.  To 
the  black  cotton  soils  generally,  irrigation  is  not  siiited,  but  to 
many  soils  it  can  be  applied  freely  where  the  substratum  affords 
good  natural  drainage. 

The  crystalline  and  sandstone  formation  may  be  said  to  occupy 
nearly  the  whole  of  the  Madras  Presidency  and  large  portions  of 
Bengal  and  of  the  other  Provinces,  except  Bombay.  '^The  prevailing 
soils  vary  from  a  dark  red  loam  to  a  light  sandy  soil  on  the 
uplands.  The  better  classes  of  soils  in  this  formation  repay  the 
cost  of  irrigation  even  more  abundantly  than  the  yellow  loam  of 
the  alluvial  tract. 

Each  of  these  three  great  divisions  of  the  soil  has  its  own  dis- 
tinctive features  as  regards  irrigation.  The  level  surface  of  the 
alluvial  plains  allows  of  the  absorption  of  a  large  percentage  of  the 
rainfall,  and  consequently  wells,  in  most  parts,  give  a  good  supply. 
These  plains   are  traversed   by   the   great   rivers,   and   their   level 
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surface  gives  great  facilities  for  distributing  the  waters  over  the 
land.  These  facilities  are  so  pronounced  that  all  the  greatest  canal 
systems  of  India  lie  in  the  alluvial  tracts.  The  area  ruled  by  the 
trap  formation  is  generally  marked  by  broken  and  uneven  surfaces; 
irrigation  is  confined,  for  the  most  part,  to  the  more  valuable  crops, 
and  irrigation  works,  except  of  the  smallest  kind,  are  rare.  The 
crystalline  tract  is  traversed  by  the  large  rivers  which  rise  in  the 
Western  Ghauts,  but,  for  the  most  part,  their  channels  are  deep 
and  their  gradients  small,  it  is  consequently  not  easy  to  utilize  their 
waters  outside  their  own  narrow  valleys,  while  the  broken  nature  of 
the  country  increases  the  difficulty.  Beyond  the  area  which  is 
commanded  by  these  rivers  in  the  crystalline  tract,  there  are  many 
tanks  which  collect  the  rainfall.  The  broken  and  undulating  nature 
of  the  country  gives  facilities  for  their  construction;  but  these 
works,  though  numerous,  are,  with  few  exceptions,  of  comparatively 
small  size. 

"'^In  the  alluvial  tract  135  million  acres  are  cropped,  and  25% 
of  the  cultivated  area  is  irrigated;  in  the  trap  formation  58  million 
acres  are  cropped  and  only  3.2%  irrigated;  in  the  crystalline  forma- 
tion 100  million  acres  are  cropped  and  15.5%  of  the  cultivation  is 
irrigated.  The  total  area  irrigated  annually  in  the  Indian  Empire 
is  about  53  million  acres,  of  which  44  million  lie  in  British  India 
and  the  rest  in  Native  States.  Of  the  44  million  acres,  about  42% 
are  irrigated  by  works  which  are  under  the  control  of  the  State 
and  58%  are  irrigated  by  private  works;  more  than  half  of  this 
latter  area  is  irrigated  from  wells,  which  can  hardly  be  regarded 
as  irrigation  works  in  the  ordinary  sense  of  the  words. 

The  work  of  British  engineers  on  the  irrigation  works  of  India 
commenced  early  in  the  nineteenth  century.  During  the  adminis- 
tration of  the  Marquis  of  Hastings  (1814-1823),  the  reconstruction 
of  the  old  native  canals  on  the  Jumna  in  Northern  India  was  com- 
menced. In  1836,  Sir  Arthur  Cotton  constructed  the  "Upper 
Anient"  across  the  Coleroon  River  in  order  to  maintain  the  level 
required  for  the  full  utilization  of  the  "Grand  Anient,"  already 
mentioned,  which  is  supposed  to  have  been  in  use  for  some  sixteen 
hundred  years.  In  1837,  Captain  Cautley,  an  artillery  officer,  was 
deputed  to  make  an  estimate  for  the  construction  of  a  canal  from  a 
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tributary  of  the  Jumna.  These  were  the  first  efforts  of  British 
engineers.  Subsequently,  Sir  Arthur  Cotton  desig-ned  the  works 
which  now  irrigate  more  than  two  million  acres  in  the  Deltas  of 
^  the  Godaveri  and  Kistna,  and  Sir  Proby  Cautley  prepared  the 
scheme  and  directed  the  construction  of  the  great  Ganges  Canal 
in  Northwestern  India,  which  was  commenced  in  1848.  The  names 
of  these  two  men  must  always  be  honoured  in  connection  with  Indian 
irrigation  works.  They  were  the  pioneers  who  encouraged  others 
to  advance  and  who  led  them  on  to  construct  the  many  great  canals 
which  are  so  beneficial  and  profitable  both  to  the  people  and  to  the 
Goverriment  of  the  -country. 

But,  although  it  is  true  that  great  progress  has  been  made 
during  the  last  half  century,  it  is  remarkable  how  small  a  per- 
centage of  the  available  supply  of  water  in  the  country  has  been 
diverted  for  the  benefit  of  man.  It  is  a  fact  also,  which  those  who 
are  not  acquainted  with  all  the  circumstances  fail  often  to  appre- 
ciate, that  it  is  not  physically  possible  to  utilize  for  irrigation 
more  than  a  comparatively  small  proportion  of  the  gross  water- 
supply.  *It  has  been  estimated  that  the  water  evaporated  from  • 
the  ground  and  that  which  sustains  plant  life  and  the  moisture  in 
the  soil  amounts  to  59%  of  the  gross  rainfall  of  India;  that  35% 
is  carried  to  the  sea  by  the  rivers  and  only  6%  is  utilized  in  irri- 
gation. It  is  commonly  thought  that  a  large  proportion  of  the 
35%,  which  is,  in  some  sense,  wasted,  might  either  be  directly 
diverted  on  the  land  or  stored  in  reservoirs  for  future  use.  It  has 
already  been  stated  that,  although  there  are  great  variations  in 
the  incidence  of  the  rainfall,  the  total  annual  fall  does  not  vary 
greatly;  so  that  it  is  thought  that  arrangements  might  be  made 
to  divert  the  surpkis  of  one  part  to  supplement  the  deficiencies  of 
the  other.  For  instance,  nearly  16%  of  the  whole  surface-flow  of 
India  is  lost  annually  in  tlie  Arabian  Sea  from  the  steep  slopes 
of  the  Western  Ghauts.  There  is  one  work,  which,  by  a  bold 
design,  taps  the  flow  on  the  western  side  of  the  hills,  and,  by  means 
of  a  tunnel  through  the  hills,  diverts  the  water  on  the  eastern 
table-lands.  But  the  opportunities  for  similar  works  are  not 
numerous  and  the  cost  is  high.  In  Northern  India,  again,  the 
snows  and  glaciers  of  the  Himalayas  provide  storage  which  man 

*S.  M.  (4). 


10  IRRIGATION    UNDER   BRITISH   ENGINEERS. 

cannot  hope  to  rival,  and  yet,  as  a  recent  Commission  reported, 
only  9 'To  of  the  volume  of  water  which  is  provided  by  Nature  is 
utilized  for  irrigation.  In  this  region  there  are  conditions  which  are 
exceptionally  favourable  to  the  effective  utilization  of  the  surface- 
flow  in  the  rivers,  and,  although  it  is  the  tract  in  which  the  greatest 
progress  has  been  made  in  the  last  50  years,  it  is  still  possible  to 
make  large  extensions  of  irrigation.  But,  if  all  the  works,  which 
are  now  conceived  to  be  possible,  are  constructed  in  the  Fun  jab 
and  Sind,  60%  of  the  surface-flow  off  the  land  must  still  escape  by 
the  rivers  to  the  sea. 

The  matter  of  the  possible  storage  of  the  surplus  water,  in  years 
of  plentiful  rainfall,  to  provide  irrigation  in  years  of  drought,  is 
one  which  greatly  attracts  the  lay  mind  of  the  philanthropist;  but 
investigations  have  shewn  that,  in  the  vast  majority  of  cases,  it  is 
not  possible,  at  any  practicable  cost,  to  provide  the  amount  of 
storage  required.  *It  is  often  forgotten  that,  in  th§  alluvial  plains, 
storage,  on  any  considerable  scale,  is  not  possible;  when  allowance 
is  made  for  the  natural  losses,  the  area  required  for  storage  would 
be  equal  to  that  which  might  be  benefited  by  the  utilization  of  the 
water;  again,  as  such  irrigation  is  not  always  necessary,  and  as 
it  is  impossible  to  predict  a  year  of  drought,  the  reservoirs  would 
have  to  be  filled,  every  year,  in  the  flood  season,  although  for  many 
years  the  water  might  not  be  really  required.  On  the  other  hand, 
in  the  Western  Ghauts,  where  there  is  assured  rainfall  at  an  altitude 
which  would  enable  the  water,  stored  in  reservoirs,  to  be  carried  to 
tracts  where  it  is  often  badly  needed,  the  physical  conditions  are 
often  difiicult.  Dams  of  great  height  would  be  generally  essential, 
owing  to  the  steep  slopes  of  the  valleys ;  the  broken  nature  of  the 
grovmd  would  demand  expensive  and  tortuous  delivery  channels; 
cyclonic  storms  produce  extreme  floods  for  which  most  extensive 
escapes  are  necessary  to  provide  xirotection  to  the  reservoirs,  and 
the  construction  of  the  reservoirs  would  in  many  cases  involve 
the  submergence  of  fertile  lands  and  valuable  village  sites.  All 
these  considerations  shew  that  although  India  may  hope,  yet,  for 
a  large  extension  in  useful  works  of  irrigation,  she  can  never  expect 
to  utilize  more  than  a  small  percentage  of  the  water  which  now 
flows  away  to  the  sea. 
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During  the  last  century  the  chief  works  undertaken  in  India 
by  British  engineers  were  the  great  perennial  systems  which  draw 
their  supply  direct  from  the  great  rivers.  In  the  Forties,  the  Delta 
works  of  the  Cauvery  and  Godaveri  in  Madras,  which  have  given 
such  splendid  results,  first  began  to  bring  revenue  to  the  State.  In 
the  Fifties,  the  Bari  Doab  Canal  in  the  Punjab,  the  Ganges  Canal  in 
the  Northwest  Provinces,  and  the  Kistna  Delta  system  in  Madras 
came  into  operation.  In  the  Sixties,  four  canal  systems  in  Bombay 
and  two  canals  in  Bengal  were  added  to  the  list  of  works  open  for 
irrigation.  In  the  Seventies,  the  Sone  Canals  in  Bengal,  the  Lower 
Ganges  and  Agra  Canals  in  the  Northwest,  and  the  Mutha  and 
Nira  systems  in  Bombay,  began  to  collect  revenue  from  their 
irrigation.  In  the  Eighties,  the  Sirhind  Canal,  which  irrigates  more 
than  a  million  acres,  was  in  effective  flow,  and  in  the  Nineties,  the 
Chenab  Canal,  conmaanding  and  irrigating  between  2  and  3  million 
acres  was  commencing  its  career  of  usefulness.  In  1850,  those  irri- 
gation works  which  were  under  the  control  of  the  Government 
irrigated  about  3  or  4  million  acres  only.  A  quarter  of  a  century 
later  the  area  irrigated  by  State  works  had  increased  to  about 
10  million  acres,  and  now,  after  another  twenty-five  years,  the  area 
is  about  20  million  acres.  Three-quarters  of  this  area  is  watered 
by  canals  entirely  constructed  by  the  British  Government,  and  the 
rest  by  canals  improved,  extended  and  maintained  by  it.  During 
the  last  haK  century  the  Government  has  expended  about  30  millions 
sterling  on  these  works.  They  include  38  large  systems,  which  are 
technically  known  as  "productive  works,"  5  systems  known  as  "pro- 
tective" and  73  "minor"  systems.  These  works  have  an  aggregate 
mileage  of  44  000  miles  of  canals  and  distributaries. 

The  Chenab  Canal  is  the  latest  of  the  great  systems;  it  is  the 
largest,  and  the  most  interesting  from  several  points  of  view.  It 
was  originally  commenced  as  an  "inundation"  canal,  which  was 
only  in  flow  during  the  flood  season.  But  it  was  soon  proved  that 
unless  a  weir  was  constructed  across  the  Chenab  River,  from  which 
the  canal  drew  its  supply,  it  would  not  be  possible  to  prevent  accu- 
mulations of  silt  which  would  completely  choke  the  discharge.  A 
weir  across  the  river  was  consequently  built,  with  a  waterway  of 
4  000  lin.  ft.,  divided  by  piers  10  ft.  wide  into  eight  lengths  of  about 
500  ft.  each.     On  the  crest  of  each  length  there  arc  iron  shutters. 


12  IRRIGATION    UXDER   BRITISH   ENGINEERS. 

6  ft.  high  and  3  ft.  wide,  which  can  be  dropped,  when  the  river  rises, 
by  a  let-go  gear  worked  from  the  piers,  and  raised,  when  the  floods 
subside,  by  a  crane  travelling  on  a  railway  fixed  on  the  weir  below 
the  shutters.  The  canal,  which  takes  off  from  the  river  immediately 
above  the  weir,  has  a  base  of  250  ft.  It  flows  with  a  maximum 
depth  of  nearly  11  ft.,  and  has  been  found  in  practice  to  discharge 
as  much  as  10  800  cu.  ft.  per  sec.  The  canal  commands  the  tract 
of  country,  known  as  the  Eechna  Doab,  lying  between  the  Ravi 
and  Chenab  Rivers  in  the  Punjab.  This  tract  is  nearly  all  Crown 
land;  it  was,  before  the  advent  of  the  canal,  almost  entirely  waste, 
with  an  extremely  sparse  and  largely  nomad  population;  some  por- 
tion was  wooded  with  jungle  trees ;  some  was  covered  with  small 
scrub  camel  thorn;  some  was  absolutely  bare,  producing  only,  on 
occasions,  a  brilliant  mirage  of  unbounded  sheets  of  fictitious  water. 
Such  was  the  country  into  which  the  engineers  have  led  400  miles 
of  main  canals  and  1  200  miles  of  distributary  to  distribute  the 
water  over  some  two  million  acres  of  crops  which  now  flourish 
on  the  lands  which  were  barren  and  unproductive.  The  main  canals 
and  the  branches  run  on  the  main  ridges  of  the  country,  and  the 
major  distributaries  are  on  the  minor  water-sheds;  some  of  these 
are  of  considerable  size,  carrying  as  much  as  500  cu.  ft.  per  sec.  As 
the  tract  was  formerly  almost  uninhabited,  villages  had  to  be  formed 
and  settlers  introduced.  Each  settler,  on  being  installed,  was  prac- 
tically guaranteed  water  for  a  certain  portion  of  his  holding,  and, 
in  order  to  ensure  this,  most  elaborate  demarcation  and  levelling 
of  the  lands  were  made.  All  the  Crown  lands  were  divided  into 
squares  of  about  1 100  ft.  side,  and  pillars  were  erected  with  a 
systematic  series  of  numbers.  These  numbers  were  originally 
designed  only  for  revenue  purposes,  but  they  were  found  to  serve 
the  subsidiary,  but  useful,  purpose  of  land  marks  to  guide  the 
engineers  over  the  immense  and  trackless  wastes  in  which  they 
used,  occasionally,  to  lose  themselves.  About  1 500  000  acres  of 
Crown  lands  have  been  allotted,  and  a  new  po]^idation  of  a  million 
people  have  founded  homesteads  which  they  cultivate  with  the 
waters  of  the  canal.  In  order  to  regulate  the  discharges  of  the 
various  canals  and  distributaries,  it  has  been  found  essential  to  have 
a  telegraph  line  extending  over  the  whole  system.  A  railway  has 
been  made  through  the  heart  of  the  irrigated  tract.     There  is  one 
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feature  in  this  canal  system  which  is  novel.  The  canals  are  so  aligned 
that  escapes  back  into  the  river  are  impossible,  so  that  on  a  sudden 
reduction  in  the  irrigation  demand  there  is  a  diflficulty  in  disposing 
of  the  supply  which  is  flowing  down  the  channels.  Those  who  are 
conversant  with  the  regulation  of  canals  will  appreciate  the  anxiety 
of  an  engineer,  who  knows  that  the  canal  above  him  is  bringing 
down  11  000  cu.  ft.  per  sec,  and  that  he  must  in  some  way  arrange 
to  dispose  of  it.  If  he  has  no  escapes  and  the  cultivators  decline 
to  take  the  water  on  their  fields,  he  knows  that  breaches  in  the  canal 
bank  must  occur.  On  the  Chenab  Canal,  in  order  to  provide  for 
the  water  in  the  canal,  on  such  an  occasion,  seven  depressions  in 
the  ground  have  been  selected  and  surrounded  with  earthen  banks: 
these  form  reservoirs  into  which  the  water  can  be  turned  until  the 
reduction  at  the  head,  ordered  by  telegraph,  can  take  effect.  The 
Chenab  Canal  has  cost  rather  less  than  £2  000  000 ;  it  commands 
2  645  000  acres  of  cultivable  land  and  has  actually  irrigated,  in  the 
year,  nearly  2  000  000  acres. 

Under  the  Indian  system  of  canal  administration  direct  payment 
is  made  by  the  people  for  the  use  of  water  for  irrigation.  One 
result  of  making  a  direct  charge  for  the  water  is  that  it  is  possible 
to  shew  the  financial  results  of  the  Indian  works  viewed  simply 
as  commercial  undertakings,  and  this  is  done  with  reference  to  all 
the  works  of  importance.  The  following  figures  shew  the  results 
of  the  three  classes,  "Productive,"  "Protective,"  and  "Minor"  works 
in  the  year  1902 : 

Rupees. 

Capital    outlay   to   the   end   of   the   year   on   works    in 

operation   441  211  545 

Gross  revenue  during  the  year 42  605  102 

Xet  revenue  during  the  year  after  deducting  all  working 

expenses 27  834  799 

Percentage  of  profit 6.31 

If  the  38  works  classed  as  "Productive"  are  taken  separately,  the 
profit  on  them  works  out  to  6.83  per  cent.  Among  these  38,  there 
are  13  works  which  are  not  remunerative,  but  the  profit  on  the 
remaining  25,  taken  on  their  own  capital,  was  9.13%  in  the  year. 
Among  these  the  Godaveri  Delta  system  paid  19.17  and  the  Kistna 
Delta  system  16.00% ;  both  are  in  Madras.     In  the  United  Provinces 
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the  Ganges  Canal  gave  8.35% ;  and  in  the  Punjab  the  new  Chenab 
Canal  gave  18.88%  and  the  old  Bari  Doab  Canal  paid  11.50%  on 
their  respective  capital  sums.  But,  important  as  these  financial 
results  are,  they  are  of  little  importance  compared  with  the  material 
benefit  which  the  people  derive  from  the  irrigation.  Among  the 
13  works  which  are  mentioned  above  as  unremunerative,  there  is 
more  than  one  which,  in  a  year  of  drought,  has  been  the  means 
of  saving  the  people  from  distress,  and,  of  placing  in  their  hands 
grain  equal  in  value  to  at  least  half  the  capital  cost  of  the  canal, 
which,  judged  by  the  hard  test  of  commercial  result  to  the  Govern- 
ment, has  to  be  classed  as  the  unremunerative.  The  capital  cost 
of  the  "Productive"  and  "Protective"  works  in  operation  was 
384  728  087  rupees  in  1902,  the  value  of  the  crops  irrigated  by  them 
was  estimated  at  362  214  130  rupees,  or  nearly  the  same  as  the  capital 
outlay.  A  large  proportion  of  these  same  crops  would  have  been 
raised,  in  that  year,  on  the  same  ground,  had  the  canals  not  existed, 
although  the  out-turn  would  not  have  been  as  good.  But  in  a  year 
of  drought  the  case  is  very  different.  Then,  a  particular  canal 
commanding  a  tract  which  is  severely  affected  may  really  save  its 
entire  capital  cost  in  one  year.  The  gross  area  irrigated  in  1901-02 
by  the  irrigation  works  controlled  by  the  State  was  19  916  567  acres. 
These  facts  are  now  fully  recognised  in  India,  and  one  of  the 
instructions  to  the  Commission,  which  lately  investigated  the  irri- 
gation question,  was  that,  in  considering  proposals  for  new  irrigation 
works,  the  Commission  should  understand  that  greater  importance 
may  often  be  attached  to  the  extent  and  reliability  of  the  protection 
that  will  be  afforded,  than  to  the  merits  of  the  schemes  regarded 
as  financial  investments.  The  irrigation  works  hitherto  constructed 
by  the  State  in  India  have,  on  the  whole,  proved  directly  remunera- 
tive; but  it  is  recognized  that  the  programme  of  works  of  this  kind 
may  be  approaching  completion,  and  that  the  great  storage  works 
required  for  any  considerable  extension  of  irrigation,  in  the  tracts 
which  are  most  exposed  to  famine,  must,  necessarily,  be  more 
costly  per  acre  protected,  and  therefore  less  remunerative,  than 
the  completed  works  which  draw  unfailing  and  perennial  supplies 
from  the  great  rivers  in  Northern  and  Southern  India.  The  Com- 
mission has  recommended  the  expenditure  of  440  000  000  rupees — 
say  £30  000  000 — on  projects  which  are  estimated  to  irrigate  6  500  000 
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acres,  chiefly  in  Madras  and  the  Punjab.  Only  a  portion  of  this 
capital  is  proposed  to  be  expended  on  works  which  will  pay  more 
than  5%,  and  the  Commission  contemplate  that  the  net  financial 
result  of  their  proposals  will  be  an  annual  charge  of  about  half  a 
million  sterling  on  the  revenues  of  India. 

The  protection  against  famine  which  is  afforded  by  irrigation 
works  is  often  exaggerated.  The  enthusiastic  philanthropist  writes 
as  though  the  expenditure  of  sufficient  money  on  irrigation  would 
effectually  prevent  all  famines.  This  is  not  so.  It  may  be  safely 
said  that  failure  of  crops  from  want  of  moisture  will  always  occur, 
at  intervals,  in  parts  of  the  Indian  continent.  It  is  true  that  irri- 
gation works,  in  a  particular  district  which  is  liable  to  famine, 
will  not  only  relieve  from  want  the  tract  which  is  actually  irrigated, 
but  will  relieve  the  distress  of  a  zone  lying  for  some  distance  beyond 
the  borders  of  the  tract.  But,  since  irrigation  is  physically  impos- 
sible in  all  the  tracts  which  may  be  visited  by  famine,  it  is  not 
possible  to  protect  all  afflicted  areas.  In  those  areas  where  irriga- 
tion cannot  be  practiced  the  importation  of  grain  is  the  only  means 
of  affording  relief  to  the  people;  and,  of  course,  the  more  grain 
there  is  available,  the  nearer  it  is  to  the  point  where  it  is  required, 
and  the  better  the  means  of  communication,  the  less  difficult  it 
becomes  to  feed  the  people.  There  never  was  a  time  when,  taking 
India  as  a  whole,  the  food  supply  of  the  continent  was  insufficient 
to  sustain  the  population.  The  difficulty  has  always  been  to 
organise  the  administration,  to  establish  the  means  for  apportioning 
and  distributing  the  relief,  and  to  deliver  the  grain  to  the  people 
without  demoralizing  the  population  and  without  unreasonable  cost 
to  the  State. 

Table  1. 

Probable  area  of  Population  supplied    Population    of 

■Pfn  iTin<i  fboJ  grains  in-  with  food  for  one        the  province, 

rrovince.  sured    by    the  year  by  the  works, 

canals.    Acres. 

Bengal  650  000  1700  000  74  700  000 

United  Provinces 3  000  000  7  500  000  47  700  000 

Punjab 5  000  000  12  500  000  22  500  000 

Madras  5  000  000  12  500  000  38  200  000 

Bombay  and  Sind....  3  000  000  7  500  000  18  500  000 
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It  is  not  easy  to  measure,  with  accuracy,  the  degree  of  protection 
from  famine  which  is  afforded  by  the  State  Irrigation  Works  of 
India.  An  acre  of  food  grains  will  feed  from  2^  to  3  people  for 
a  year.  Table  1  gives  an  idea  of  the  i^robable  facts  in  the  five 
principal  provinces. 

The  food  of  about  one-fifth  of  the  population  in  these  provinces 
is,  therefore,  assured  by  the  irrigation  works.  But,  actually,  the 
measure  of  protection  is  greater,  as  portions  of  the  provinces,  notably 
in  Bengal,  are  naturally  protected  from  any  fear  of  famine. 

The  British  engineers  who  have  done  much,  and  hope  to  do  much 
more,  to  extend  irrigation  works  in  India,  look  with  some  pride  on 
the  fact  that  their  works  are  successful  financially  and  economically. 
The  rulers  of  India  regard  these  works,  perhaps,  somewhat  from  a 
different  point  of  view.  They  see  in  them  not  only  a  profitable 
propertyj  a  sound  financial  investment,  but,  far  better,  an  active 
force  ever  potent  to  tie  the  population  to  their  rulers,  to  render 
them  happy  in  their  homesteads  and  contented  with  their  surround- 
ings; a  condition  which  cannot  but  tend  to  political  advantage  and 
security.  The  Swat  River  Canal  on  the  borders  of  the  Punjab  has 
probably  done  more  in  ten  years  to  still  the  turbulence  of  a  quarrel- 
some frontier  tribe  than  all  the  police  of  the  Province  could  have 
done  in  half  a  century.  The  Chenab  Canal,  which  has  provided 
new  and  prosperous  homes  to  more  than  a  million  inhabitants,  has 
done  in  half  a  century.  The  Chenab  Canal,  which  has  provided 
of  British  rule  than  the  Queen's  Proclamation  of  1858  and  than  all 
the  resolutions  of  the  Government  since  Queen  Victoria  assumed 
sovereignty  of  the  country. 

Egypt. 

*In  Egypt  there  are  two  distinct  systems  of  irrigation  employed, 
namely,  the  basin  system  and  the  system  of  perennial  irrigation. 
The  basin  system  is  irrigation  by  inundation  during  the  period  of 
the  Nile  flood;  perennial  irrigation  is  the  ordinary  continuous  irri- 
gation by  field  channels  throughout  the  year.  The  basin  system 
has  survived  in  Upper  and  Middle  Egypt,  but  in  Lower  Egypt 
perennial  irrigation  has  taken  its  place.  As  the  terms  are  used 
in  this  paper.  Upper  Egypt  includes  the  Nile  Valley  from  Assuan 

*W.  W.  (1),  Chapters  III  and  IV. 
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to  Assiout,  about  1  million  acres  of  cultivated  lands;  and  Middle 
Egypt,  the  valley  from  Assiout  to  Cairo,  inclusive  of  the  Fayum, 
about  li  million  acres;  Lower  Egypt  embraces  the  whole  of  Egypt 
north  of  Cairo,  that  is,  the  Delta,  3h  million  acres. 

*The  basin  system  is  very  ancient,  perhaps  as  old  as  Egypt  itself. 
Its  early  history  is  associated  with  Lake  Moeris  (about  2500  B.  C). 
Under  the  basin  system,  the  natural  inundation,  caused  by  the  Nile 
overflow,  is  assisted  by  longitudinal  and  transverse  banks  enclosing 
the  lands  to  be  flooded  in  such  a  way  that  the  water  is  ponded 
lip  in  each  basin  to  the  extent  required  to  make  it  cover  the  higher 
lands  as  well  as  the  lower.  In  1884,  the  year  when  British  engineers 
took  over  the  direction  of  irrigation  in  Egypt,  some  of  these  banks 
were  found  to  have  masonry  regulators  and  escapes  in  them  to  admit 
of  the  water  being  retained  or  passed  on  at  will,  but  the  works  were 
more  or  less  ruins,  the  controlling  apparatus  was  very  imperfect 
or  altogether  wanting,  and  the  waterway  provided  absolutely  inade- 
quate. Consequently,  when  the  time  came  for  running  the  water 
ofi  in  order  that  the  crops  might  be  sown,  the  discharge  of  the  basins 
had  to  be  efl^ected  mainly  by  cutting  the  earthen  banks,  a  practice 
that  was  objectionable,  not  only  on  account  of  the  svibseqvient 
expense  of  closing  the  cut  to  prepare  for  the  next  flood,  but  also 
because,  the  cut  once  made,  all  control  over  the  water  was  lost, 
as  it  was  impossible  to  close  the  cut  until  the  water  had  run  ofi'. 

The  inundation  of  the  basins  was  facilitated  by  canals  carried 
through  the  high  lands  bordering  the  river.  These  canals  had 
rarely  been  provided  with  head-works  of  control,  and,  as  a  rule,  did 
not  take  oif  from  the  river  at  a  point  far  enough  upstream  from  the 
lands  depending  on  them,  to  be  efficient  during  a  flood  of  low  levels. 
tThe  defects  in  the  Upper  Egypt  basin  system  became  evident 
during  the  low  flood  of  1888,  and  their  effect  upon  the  revenue, 
whilst  Egypt  was  still  struggling  with  penury,  acted  with  such 
persuasive  force  on  those  responsible  for  the  finances  of  Egypt  that 
the  demand  for  a  special  grant  of  about  three  quarters  of  a  million 
pounds  to  put  things  right  was  acceded  to.  The  late  Colonel  J.  C. 
Ross,  when  Inspector  General  of  Irrigation,  made  this  work  of 
remodelling  the  Upper  Egypt  basin  system  his  own  peculiar  care. 

»._    *R.  H.  B.  (1). 

tE.  p.  W.  (1),  1888. 
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■^No  single  work  among  those  executed  was  of  great  magnitude,  but 
the  scheme,  as  a  whole,  was  of  considerable  importance,  a  sum  of 
£800  000  being  spent  in  carrying  it  out.  tSince  this  remodelling 
work  was  done,  the  utility  of  it  has  been  tested  by  the  extremely 
low  flood  of  1899,  which  was  a  flood  similar  to  that  of  18YY,  but  a 
decidedly  lower  one  than  that  of  1888.  The  following  figures,  which 
include  Middle  and  Lower  Egypt  areas,  show  the  improvement: 


Area  left  without  inundation  on 
which  land  tax  was  remitted. 


Year  of  low  Nile  flood. 

1877  754  000  acres. 

1888  366  000      " 

1899  300  000      " 

$The  chain  of  basins  in  Middle  Egypt  on  the  west  of  the  river 
suffered,  generally  speaking,  under  the  same  defects  as  those  of 
Upper  Egypt,  but  a  complication  had  been  introduced  by  the 
Khedive  Ismail  Pasha  when,  about  the  year  1870,  he  acquired  a 
large  estate  forming  a  band  of  2  to  6  miles  in  width  alongside  of  and 
parallel  to  the  river.  In  order  to  cultivate  sugar-cane  in  these 
lands,  he  protected  them  from  Inundation  on  the  side  of  the  basins 
by  a  longitudinal  bank,  and  dug  a  canal  from  Assiout  throughout 
the  whole  length  of  the  estate  for  its  perennial  irrigation.  This 
canal,  called  the  Ibrahimia,  together  with  the  enclosed  strip  of  land, 
cut  off  the  remaining  portions  of  the  basins  from  the  Nile,  so  that, 
thereafter,  all  the  inundation  water  they  received  had  to  leave  the 
river  at  Assiout,  or  at  some  point  above  it,  and  be  passed  on  through 
125  miles  of  the  Nile  Valley.  The  basins  at  the  lower  end  of  the 
chain  suffered  in  consequence  from  the  loss  of  the  rich  deposit  which 
its  direct  Nile  feeders  used  formerly  to  give  in  high  floods.  On 
the  other  hand  the  land  was  more  secure  in  a  low  flood,  as  the 
new  Ibrahimia  Canal  contributed  a  better  supply  with  low  river 
levels  than  the  shorter  direct  feeders  used  to  give.  But  the  gain 
of  better  security  in  low  floods  was  not  so  great  a  gain  if  the  lands 
must  be  impoverished  to  obtain  it.  The  obvious  reform,  therefore, 
called  for  in  Middle  Egypt  was  the  restoration  of  the  direct  flood 
feeders  by  digging  canals  from  favourable  points  on  the  river,  passing 

*J.  c.  R. 

tE.  P.  W.  (1),  1899. 
JR.  H.  B.  (3). 
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them  in  syphon  under  the  Ibrahimia  Canal  and  tailing  them  into 
the  basins.  *In  addition,  as  in  Upper  Egypt,  banks  had  to  be 
remodelled  and  efficient  regulators  provided.  Of  the  new  regulating 
works  built,  the  most  important  was  the  Kosheshah  Escape.  tThis 
Escape,  which  is  at  the  tail  of  the  Middle  Egypt  chain  of  basins, 
has  to  discharge  in  20  days  the  inundation  water  of  over  half  a 
million  acres,  calculated  to  amount  to  2  600  million  cu.  yd.  The 
Escape  is  constructed  with  upper  and  lower  sluices,  and  has  60 
double-storied  bays  of  9  ft.  10  in.  (3  m.)  width.  The  lower  sluices 
are  fitted  with  direct-lifted  gates  sliding  in  vertical  grooves  and 
operated  by  an  overhead  winch.  The  upper  sluices  are  furnished 
with  horizontally-pivoted  falling  gates  arranged  for  quick  opening 
when  the  time  comes  for  letting  the  water  off  to  empty  the  basins. 
The  lower  sluices  are  used  for  allowing  water  to  flow  into  the  basin 
direct  from  the  Nile  when  the  levels  permit,  and  also  for  regulating 
the  water  level  in  the  basin  by  opening  or  closing  them  as  may  be 
found  necessai-y,  and  for  draining  off  the  water  from  the  low-lying 
parts  of  the  basin.  Before  the  construction  of  this  Escape  the 
discharge  of  the  Middle  Egypt  chain  of  basins  was  effected  by 
annually  making  a  cut  in  an  earthen  bank. 

But  more  need  not  be  said  of  the  basin  system  of  irrigation,  as 
it  is  doomed  to  disappear  and  to  give  place  to  perennial  irrigation 
which  produces  two  crops  a  year  instead  of  one,  and  more  than 
doubles  the  value  of  the  land.  JAlready  in  Middle  Egypt  the  greater 
part  of  the  basins  have  been  converted  from  the  old  to  the  new 
system  as  a  consequence  of  the  construction  of  the  Assuan  Dam. 
The  summer  supply  is,  therefore,  the  problem  of  the  future,  and  is, 
on  that  account,  the  better  worth  study. 

§Modern  methods  of  irrigation  and  cotton  cultivation  were  first 
introduced  into  Egypt  by  Mehemet  Ali,  Viceroy  of  Egypt,  in  the 
beginning  of  the  nineteenth  century.  He  and  his  successors 
abolished  the  corn-growing  basin  system  in  the  Delta  and  replaced 
it  by  perennial  irrigation,  a  change  necessitating  the  protection  of 
the  cotton-cropped  lands  from  inundation,  by  Nile  banks  on  both 
branches  of  the  river,  and  an  adequate  supply  of  water  all  the  year 


*E.  P.  W.  (1),  1890,  p.  50. 

tR.  H.  B.  (2);  E.  P.  W.  (1).  1891,  p. 

tE.  P.  W.  (1),1902,  p.  114. 
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round  in  canals  within  reach  of  the  crops.  '^To  give  the  continuous 
supply  of  water,  the  Delta  Barrage  was  designed  and  built  by  an 
able  French  engineer,  Monsieur  Mougel.  This  important  work  was 
intended  to  divert  the  summer  water  of  the  river  at  its  bifurcation 
from  its  natural  channels,  known  as  the  Rosetta  and  Damietta 
Branches,  into  the  artificial  canals  made  or  utilized  for  the  peren- 
nial irrigation  of  the  Delta. 

The  Barrage  consists  of  two  large  regulating  works,  one  across 
the  head  of  each  branch  of  the  Nile,  situate  about  15  miles  north 
of  Cairo.  Until  the  year  1884,  this  work  had  been  treated  as  a 
failure,  and  was  reckoned  by  most  residents  in  Egypt,  engineers 
or  otherwise,  to  be  a  hopeless  failure.  It  was  designed  to  hold  up 
14  ft.  9  in.  (4J  m.)  of  water  on  both  branches;  it  had  only  suc- 
ceeded in  holding  up  as  a  maximum  5  ft.  9  in.  (1|  m.)  on  the 
Rosetta  Branch  and  nothing  at  all  on  the  Damietta  Branch.  In 
1867,  a  length  of  the  work,  including  several  bays  toward  the 
west  end,  had  shown  unmistakable  signs  of  failing,  and  this  portion 
had  to  be  enclosed  in  a  coffer-dam  to  save  it  from  ruin.  The  digging 
of  the  main  canals,  taking  off  from  above  the  Barrage,  was  arrested, 
in  consequence,  before  the  main  eastern  canal  had  been  commenced, 
tin  the  Egyptian  Public  Works  Report  for  1883,  the  Barrage  was 
officially  condemned  as  unfit  to  serve  the  purpose  for  which  it  was 
designed,  and  the  retiring  Director  General  of  Public  Works 
recommended  the  construction  of  large  pumping  stations  as  a  sub- 
stitute for  it. 

In  May  of  that  same  year  (1883),  Colonel  (now  Sir)  Colin  Scott 
Moncrieff,  an  irrigation  engineer  of  wide  experience  in  India,  was 
given  charge  of  the  irrigation  in  Egypt.  Within  twelve  months 
there  arrived  in  Egypt,  to  serve  under  Sir  Colin,  four  other  engineers 
of  the  Indian  Irrigation  Service,  to  whom  a  fifth  was  added  at  the 
end  of  1885.  tThese  six  men  were  the  pioneers  of  reform  in  the 
administration  of  the  Irrigation  Service  of  Egypt.  In  1884  Sir 
Colin  obtained  full  control  of  the  Irrigation  Department,  and  at 
once  set  his  lieutenants  to  work  to  get  things  straight.  From  that 
time  the  record  has  been  one  of  uninterrupted  progress  and  increas- 
ing prosperity  in  the  country. 

*S.  M.  (1)  and  (2);  W.  W.  (1),  Chapter  IX;  R.  H.  B.  (3). 
t  S.  M.  (1),  p.  4;  S.  M.  (2),  Lecture  II. 
tA.  M.,p.  289. 
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The  problems  before  Sir  Colin  and  his  staff  were  the  following: 

1. — To  perfect  the  means  of  making  the  whole  discharge  of  the 
river  in  summer  available  for  irrigation; 

2. — To  secure  an  economical  and  just  distribution  of  the  water; 

3. — To  provide  drainage  facilities  to  carry  off  excess  water  in  the 
flood  and  winter  seasons; 

4. — To  afford  security  from  inundation  in  the  flood  seasons. 

The  first  problem,  viz.,  the  utilization  of  the  whole  summer  dis- 
charge of  the  river,  was  solved  by  making  the  Delta  Barrage 
absolutely  efficient. 

*The  repair  work  necessary  to  enable  it  to  hold  up  13  ft.  (4  m.) 
head  of  water  was  carried  out  by  the  late  Mr.  A.  G.  W.  Eeid  under 
Colonel  Western's  direction.  The  restoration  was  effected  in  four 
seasons  on  half  of  each  regulator  at  a  time,  the  part  of  the  work 
to  be  operated  on  being  surrounded  by  banks  and  laid  dry  by 
pumping.  The  old  defective  floor  was  then  extended  up  and  down 
stream,  and  built  upon  to  the  extent  required  by  the  conditions  in 
which  the  work  was  found  when  unwatered;  and  both  regulators 
were  fitted  throughout  with  gates  of  simple  construction  sliding 
in  vertical  grooves  and  manipulated  by  overhead  winches.  This 
restoration  work  was  entirely  successful  and  the  Barrage  at  length 
held  up  13  h. 

tThe  foundations  were  afterwards  further  consolidated  by  forcing 
cement  grout,  under  the  pressure  of  its  own  weight  in  bores  50  ft. 
high,  into  and  under  the  defective  bottom  layers  of  the  floor.  The 
bores,  by  which  the  cement  grout  was  introduced,  were  made  in 
the  thickness  of  the  masonry  piers  from  roadway  level,  five  bores 
being  so  made  in  the  length  of  each  pier.  The  evidence  obtained 
of  the  result  of  the  work  was  considered  to  justify  the  opinion  that 
the  operations  had  added  materially  to  the  stability  of  the  structure. 

$The  efficiency  of  the  Barrage  was  subsequently  still  further 
increased  by  the  construction  of  weirs  at  a  short  distance  down- 
stream. The  weirs  hold  up,  at  lowest  water,  10  ft.  8  in.  (3i  m.), 
and  the  barrage  may  be  called  upon  to  hold  up  another  9  ft.  9  in. 
(3  m.)  only,  so  that,  while  the  possible  heading  up  has  been  increased 

*R.  H.  B.  (31,  Chapter  III;  E.  P.  W.,  1886  to  1890;  W.  W.  (1),  Chapter  IX;  S.  M.  (1); 
S.  M.  (2),  Lecture  II. 

tR.  H.  B.  (3),  Chapter  IV;  R.  H.  B.  (<t);  E.  P.  W.,  1896  to  1898. 
t  R.  H.  B.  (3),  Chapter  V;  E.  P.  W.,  1898  to  1901. 
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by  the  action  of  the  weirs  from  13  ft.  to  20  ft.  5  in.  (4  to  6^m.), 
the  Barrage  itself  is  required  to  hold  up  only  9  ft.  9  in.  instead  of 
13  ft.  *The  weir  core  and  footing  walls  below  water  level,  as  also 
the  foundations  of  the  associated  locks,  were  put  in  successfully 
under  water  by  the  employment  of  cement  grout.  A  movable 
timber  caisson  was  employed  to  contain  the  rubble  and  grout  up 
to  water  level  until  the  setting  of  the  cement  had  formed  the 
contents  into  solid  masonry  blocks.  Under  this  system  of  construc- 
tion, pumping,  plant  and  skilled  labour  were  almost  entirely  dispensed 
with.  The  resulting  weirs  have  been  pronounced  to  be  the  tightest 
in  existence.  The  construction  of  these  works  furnishes  a  remark- 
able instance  of  the  use  of  cement  grout  on  an  extensive  scale  for 
subaqueous  foundations. 

The  combination  of  barrage  and  weirs  is  now  such  an  efficient 
one  that  every  drop  of  water,  flowing  down  the  river  in  summer,  is 
forced  into  the  irrigation  canals  and  carried  to  the  fields,  and  the 
first  rise  of  the  fioods  is  taken  full  advantage  of.  The  Barrage 
gates  are  even  caulked  with  rags  to  prevent  any  loss  by  leakage 
until  the  maximum  head  of  6i  m.  is  held  up  and  the  gates  are 
topped. 

tThe  second  problem  stated  above,  namely,  to  secure  an  economi- 
cal and  just  distribution  of  the  water,  was  as  important  as  the  first. 
The  question  was  one  of  administration  rather  than  of  construc- 
tion. Hitherto  the  rich  had  been  given  or  had  taken  what  water 
they  wanted,  and  the  poor  had  to  content  themselves  with  the 
crumbs  that  fell  from  the  rich  man's  table.  This  problem  was 
solved  in  a  manner  new  to  Egypt,  mainly  by  an  impartial  and  rigid 
application  of  a  well-considered  rotation  programme,  whereby  both 
justice  and  economy  were  secured  in  times  of  water  scarcity. 
Under  this  system  the  canals  are  formed  into  different  groups,  and 
each  group,  in  its  turn,  is  supplied  with  water  and  deprived  of  it 
at  other  times.  In  this  way,  a  high  "duty"  has  been  got  out  of 
the  water,  1:After  many  observations  and  calculations,  the  con- 
clusion has  been  arrived  at  that  the  allowance  of  water  for  cotton 
should  be  1  000  cu.  ft.  per  diem  per  acre  of  crop,  and  for  rice  double 
that  amount.     These  allowances  are  those  which  should  be  supplied 

*R.  H.  B.  (4). 

+  E.  p.  W.  (1),  1902,  pp.  155  and  156. 

+  E.  P.  W.  (1),  1903,  pp.  166  to  170. 
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at  the  head  of  the  main  canal,  as  provision  is  thereby  made  for 
loss  during  flow  between  the  source  of  supply  and  the  field  to  be 
irrigated. 

To  enable  the  rotation  system  to  be  efficiently  applied,  it  was 
necessary  to  have  adequate  control  over  distribution.  To  obtain 
this  a  very  large  number  of  existing  regulating  works  of  all  descrip- 
tions were  repaired,  if  not  too  far  advanced  in  decay,  and  many 
new  ones  were  built.  *The  scheme  of  main  and  branch  canals  was 
also  developed.  The  irrigation  machinery  for  controlling  the  water 
grew  annvially  in  perfection  to  the  extent  that  funds  allowed. 

lAn  improvement  in  working  the  canals  was  made  by  introducing 
dredging  to  clear  the  main  canals.  Formerly,  in  order  to  clear  them 
by  hand,  they  had  to  be  closed,  often  when  water  was  wanted,  the 
labourers  employed  being  un])aid  and  unfed  and  beaten,  under  the 
Corvee  system.  JThe  Corvee  that  used  to  execute  the  annual  earth- 
work of  canal  clearances  and  bank  repairs  has  now  been  entirely 
abolished;  the  work  is  paid  for,  and  it  is  better  done  than  before, 
being  controlled  by  capable  engineers  instead  of  by  ignorant  task- 
masters with  "kourbashes."  The  abolition  of  the  Corvee  was  ren- 
dered possible  by  the  great  economy  in  clearances  resulting  from 
the  restoration  of  the  Barrage  to  efficiency,  and  this  economy  will 
be  still  more  pronounced  now  that  the  weirs  have  further  added 
to  the  power  of  regulating  the  river  levels.  §The  work  done  pre- 
viously by  the  Corvee  is  now  carried  out  for  £400  000.  The  abolition 
of  the  unpaid  labour  system  dates  from  1889.  ^''^'Previous  to  1884 
the  numbers  employed  were  estimated  to  be  125  000  men  working 
for  150  days,  and  in  1884,  92  609  men  for  130  days. 

tfAt  the  same  time  that  the  canal  system  was  being  perfected, 
an  extensive  scheme  of  drains  was  carried  out  at  a  cost  of  over  one 
million  pounds. 

itProtection  from  flood  was  also  afforded  by  giving  the  Nile 
bank  such  dimensions  as  would  guarantee  security,  by  retiring 
unsafe  lengths  and  by  guarding  against  river  encroachments  with 
stone  spurs  and  revetments  where  erosion  created  danger. 

*s.  M.  (1),  p.  11. 

tE.  P.  W.  (1),  1886,  p.  9;  1887,  p.  7;  1888,  p.  9. 

t  W.  W.  (1),  Chapter  Xiri;  S.  M.  (3). 

§E.  P.  W.  (1),  1889,  p.  49;  1890,  p.  47. 

**E.  P.  W.  (1)  1884,  p.  21. 

ttE.  P.  W.  (1),  1897,  p.  139,  and  map  at  end. 

ttW.  W.  (1),  Chapter  X;  E.  P.  W.  (1),  1896,  p.  150. 
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"By  such  means,  operating  since  1884,  the  cotton  crop  has 
been  increased  from  3  million  to  6  million  cwt,  in  round  figures, 
or  in  value  from  £7  500  000  to  £15  000  000;  the  timely  sowing  of 
the  maize  crop  has  been  made  a  certainty;  the  expense  of  raising 
crops  has  been  lessened  with  the  diminution  of  height  through  which 
the  water  has  to  be  raised  for  irrigation;  tthe  Corvee  and  its 
attendant  abuses  have  been  abolished;  the  cultivable  area  of  Egypt 
has  been  increased  from  5  to  6  million  acres;  the  value  of  land  has 
been  doubled,  and  a  feeling  of  confidence  in  the  Irrigation  Service 
has  been  established.  lAnd  meanwhile,  as  these  benefits  were  accru- 
ing, the  land  tax  was  reduced  from  5  to  4J  million  pounds  in  round 
figures. 

The  expenditure  incurred  in  bringing  about  these  resvilts  was 
made  up  approximately  as  follows : 

Annual  budget  allotment  for  ordinary  maintenance  and 

administration   £620  000 

Special  expenditure  not  charged  against  the  annual  budget 
allotment : 

Delta  Barrage  restoration  and  weirs £900  000 

Development  of  Delta  Canals 800  000 

Drainage    1  000  000 

Remodelling  Upper  EgjT^t  Basin  system 800  000 

"            Middle  Egypt  Basin  system 300  000 


£3  800  000 


§But  the  limit  of  expansion  was  reached  in  the  summer  of  1900. 
Every  drop  of  water  that  was  to  be  got  out  of  the  river  was  utilized 
for  the  irrigation  of  the  cotton  crop,  and  each  drop  was  made  to  do 
the  maximum  of  work  possible.  Any  considerable  further  increase 
of  cultivation  was  not  to  be  expected  without  adding  to  the  avail- 
able summer  supply. 

*R.  H.  B.  (3),  Chapter  VI. 

t  E.  P.  W.  (2),  p.  5;  W.  W.  (4),  p.  4. 

tW.  W.  (1),  p.  886. 

§  E.  P.  W.  (1),  1900,  pp.  7,  73  and  131. 
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*So  the  question  of  reservoirs  for  the  storage  of  water  had  come 
to  the  front ;  and,  after  four  years'  study  by  Sir  William  Willcocks, 
the  construction  of  the  Assuan  Dam  was  decided  on,  and  actually 
commenced  in  1898.  tAlso,  in  order  the  better  to  distribute  the 
increased  water  supply  thus  to  be  obtained,  the  Assiout  and  Zifta 
Barrages  were  undertaken  while  the  Assuan  Dam  was  building. 
These  three  magnificent  additions  to  Egypt's  irrigation  works  were 
all  built  during  the  five  years  succeeding  the  signing  of  the  contract 
for  the  Assuan  Dam  and  the  Assiout  Barrage  in  February,  1898, 

tThe  Assuan  Dam  is  built  on  the  granite  rock  which  forms  the 
crest  of  the  First  Cataract,  600  miles  to  the  south  of  Cairo.  The 
original  design  of  the  dam  was  the  work  of  Sir  William  Willcocks; 
the  dam,  as  actually  built,  was  in  principle  the  same  as  that 
originally  designed,  but  was  modified  in  details.  It  is  about  li 
miles  (2  000  m.)  in  length.  Its  height  varies  with  the  level  at 
which  sound  rock  was  found,  the  maximum  height  from  foundation 
being  about  125  ft.  (37  m.).  The  thickness  of  the  dam  at  the  top 
is  23  ft.  (7m.)  and  at  the  deepest  part  81  ft.  (25  m.),  and  the  total 
weight  of  masonry  in  it  is  over  one  million  tons.  The  difference 
of  water  level  above  and  below  the  dam  is  67  ft.  (21  m.).  The  dam 
is  constructed  of  local  granite  set  in  Portland  Cement  mortar.  The 
interior  is  of  rubble  laid  by  hand,  with  about  40%  of  the  bulk 
in  cement  mortar,  4  of  sand  to  1  of  cement.  All  the  face  work 
is  of  coursed  rock-faced  ashlar,  except  the  sluice  linings,  which  are 
finely  dressed.  The  lining  of  30  of  the  lower  sluices  is  of  cast  iron. 
The  dam  is  pierced  with  sluice  openings  of  sufficient  area  to  pass 
the  flood  discharge  of  the  river,  which  may  amount  to  500  000  cu.  ft. 
per  sec.  There  are  140  such  openings  23  ft.  (7  m.)  high  by  6  ft. 
6  in.  (2  m.)  wide,  and  40  more  of  half  that  height  and  same  width. 
Those  sluice-gates  which  are  subject  to  heavy  pressure  at  the  time 
of  movement,  are  of  the  Stoney  roller  pattern.  Navigation  is  pro- 
vided for  by  a  ladder  of  four  locks,  each  263  ft.  (80  m.)  long  by 
31  ft.  (9^  m.)  wide.     The  cost  of  the  dam  was  2J  million  pounds. 

The  reservoir  above  the  dam,  as  built,  is  calculated  to  hold  about 
1 300  million  cu.  yd.  of  water  with  the  water  surface  at  106  m. 

*E.  P.  W.  (2). 

t  E.P.  W.  (1\  1898  to  1903. 

}B.  B.  F.  &S. 
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above  sea.  It  had  originally  been  decided  to  build  the  dam  26  ft. 
higher,  so  as  to  hold  up  water  to  114  m.  above  sea,  which  would 
have  given  a  storage  capacity  in  the  reservoir  of  3  250  million 
cu.  yd.  But  the  Egyptian  Government  gave  way  before  the  strong 
protests  against  the  submersion  of  Philse  raised  by  archaeologists 
and  artists,  and  the  lesser  project  was  adopted;  a  compromise 
which  is  far  from  satisfying  the  champions  either  of  the  past  or 
of  the  present.  After  the  first  year's  working  of  the  reservoir, 
Egypt  is  as  thirsty  as  ever  and  crying  out  for  more  water. 

The  Assiout  and  Zifta  Barrages  do  not  store  water,  but  distribute 
the  available  supply  by  producing  artificial  levels  in  the  river  con- 
venient for  feeding  the  canals  depending  on  them.  In  design  they 
are  similar  to  the  first  Barrage  below  Cairo;  but  the  Assiout  Bar- 
rage spans  the  whole  undivided  river,  and  the  Zifta  Barrage  one 
of  the  Delta  Branches  only.  The  duty  of  the  Assiout  Barrage  is 
to  feed  the  Ibrahimia  Canal,  which  irrigates  thQ  sugar-cane  and 
cotton  plantations  of  Middle  Egypt.  The  Zifta  Barrage,  on  the 
Damietta  Branch,  facilitates  the  distribution  of  water  in  Lower 
Egypt  by  feeding  the  Long  Eastern  Delta  canals — some  of  which 
are  more  than  100  miles  in  length — at  a  fresh  point  about  half  way 
between  the  old  Barrage  and  the  sea.  *Both  the  Assiout  and  Zifta 
Barrages  are  built  on  platforms,  9  ft.  9  in.  (3  m.)  thick  and  from 
85  to  100  ft.  (26  to  30  m.)  wide,  enclosed  between  up-  and  down- 
stream rows  of  cast-iron  piles  specially  designed  to  permit  of  the 
junctions  being  grouted  with  cement.  In  addition,  there  are  apron 
extensions  to  Ihe  floor,  the  up-stream  apron  being  of  rubble 
and  puddled  clay,  the  down-stream  apron  of  rubble  overlying 
a  filter  bed  of  pebbles  and  fine  stuff.  The  Assiout  Barrage  is 
900  yd.  in  length  and  has  111  bays  of  16  ft.  5  in.  (5  m.)  width, 
separated  by  piers  6  ft.  6  in.  (2  m.)  wide,  with  abutment  piers  of 
13  ft.  (4  m.)  thickness  after  every  ninth  opening,  and  a  lock  of 
52  ft.  6  in.  (16  m.)  width  and  263  ft.  (80  m.)  length.  Two  iron 
regulating  gates,  as  in  the  old  Barrage,  are  worked  in  vertical  grooves 
by  an  overhead  winch,  and  provide  for  holding  up  a  level  of  9  ft. 
9  in.  (3  m.)  of  water.  The  Zifta  Barrage  has  50  bays,  but  is  in 
other  respects  similar  to  the  Assiout  Barrage,  except  that  it  is 
designed  to  hold  up  13  ft.  of  water. 

*G.  H.  s. 
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The  cost  of  these  three  works,  and  works  in  connection  with 
them,  is  given  approximately  by  the  following  figures: 

Assuan  Dam £2  500  000 

Assiout  Barrage  and  Works 1  000  000 

Zifta  Barrage  and  Works 500  000 

Conversion  of  451 000  acres  from  basin  to 
perennial   irrigation 3  000  000 

Total £7  000  000 

The  1  300  million  cii.  yd.  of  water,  annually  stored  in  the  Assuan 
Reservoir,  whether  used  for  conferring  perennial  irrigation  to  basin 
lands,  or  for  the  reclamation  of  land  hitherto  uncultivated,  may 
be  considered  to  be  worth  £3  750  000.  For,  in  consequence  of  such 
a  supply,  the  annual  rent  of  1  250  000  acres  will  rise  by  at  least  £3 
an  acre.  *The  value  of  the  cotton  crop  raised  annually  by  it  may 
be  estimated  as  worth  from  4  to  5  million  pounds.  Government 
will  gain  directly  in  land  tax  £625  000,  and  indirectly  much  more; 
the  land  owners  will  gain  in  increased  rentals,  less  the  increase  on 
land  tax,  £3125  000;  and  the  sale  value  of  their  land  will  increase 
by  £30  an  acre,  or  in  all  £37  500  000. 

Future  Developments. 

tin  spite  of  all  that  has  been  accomplished,  much  more  remains 
to  be  done  before  Egypt  is  content  and  the  Soudan  developed,  or 
the  utilization  of  the  Nile  water  is  complete.  It  has  been  estimated 
that  Egypt  alone  still  requires  in  summer,  in  addition  to  the  1  300 
million  cu.  yd.  of  water  stored  in  the  Assuan  Reservoir,  4  to  5  000 
million  more  for  its  complete  development.  What  the  Soudan 
requires  as  its  summer  supply  has  not  yet  been  put  into  figures. 

Sir  William  Garstin's  expeditions  to  the  Nyanza  Lakes  and  the 
region  of  the  "Sadds"  above  Khartoum,  and  Mr.  C.  E.  Dupuis' 
expedition  to  Lake  Tana,  have  made  it  more  profitable  than  it  was 
before  to  discuss  comprehensive  projects  for  the  further  control  of 
the  Nile,  and  to  estimate  the  value  of  suggestions  made  from  time 
to  time  on  less  reliable  data  than  are  now  available.t 

*Eg.N.o.  1  (1904),  p.  23. 
tEg.  No.  3(1901). 
t  W.  W.  (3). 


US  IRRIGATION    UNDER   BRITISH   ENGINEERS. 

The  problem  to  be  solved  is  that  of  the  storage  of  the  water 
which  now  finds  its  way  to  the  sea  during  the  flood  and  winter 
seasons,  in  order  that  it  may  be  reserved  for  use  in  summer  when 
it  is  wanted.  There  is  a  second  problem,  namely,  that  of  preventing 
the  loss  of  water  which  takes  place  by  evaporation  and  absorption 
in  the  extensive  swamps  between  Khartoum  and  Gondokoro. 

What  first  suggests  itself  to  anyone  giving  his  mind  to  the 
subject  is  that  the  Lake  Victoria  Nyanza  would  form  an  ideal 
reservoir  on  account  of  its  extensive  surface  area  of  26  000  sq. 
miles.  It  would  be  so  easy  and  cost  so  little  to  make  a  weir  at  the 
Eipon  Falls — the  point  where  the  lake  discharges  into  the  river — 
sufficiently  high  to  store  in  the  lake  enough  water  to  meet  the  needs 
of  Egypt  and  the  Soudan.  But  with  the  weir  constructed,  how  is 
the  reservoir  to  be  filled?  *The  catchment  area,  beyond  the  limits 
of  the  lake  itself,  is  approximately  only  three  times  the  area  of  the 
lake.  Evaporation  and  absorption  disposes  of  nine-tenths  of  the 
rainfall,  and  the  balance  only  finds  its  way  to  the  Nile  over  the 
Ripon  Falls.  The  relation  of  the  lake  area  to  the  catchment  area 
and  the  rainfall  disqualifies  the  lake  for  service  as  an  efficient 
storage  reservoir.  The  very  size  of  the  lake,  which  was  thought 
a  recommendation,  is  the  reverse. 

This  conclusion  being  accepted,  the  next  thing  that  suggests 
itseK  is  to  make  the  Albert  Nyanza  Lake  the  reservoir,  its  area 
being  one-fourteenth  that  of  the  Victoria  Lake,  and  its  catchment 
area,  which  includes  that  of  the  larger  lake,  being  more  extensive. 
One  metre  depth  over  the  area  of  the  Albert  Lake  represents  a 
storage  capacity  of  6  500  million  cu.  yd.  In  the  case  of  this  lake, 
also,  evaporation  and  absorption  are  important  factors  to  be  reck- 
oned with,  and  the  rainfall  and  citchment  area  may  not  be  sufficient 
to  give  a  satisfactory  balance  after  deduction  of  the  loss  due  to 
those  neutralizing  factors. 

There  is  a  further  objection  to  either  of  the  lakes  as  a  storage 
reservoir.  The  water  supplied  by  a  reservoir  in  such  a  situation 
would  have  to  pass  through  the  region  of  the  "Sadds,"  and  would 
spread  itself  abroad  over  these  vast  swamps  and  be  dissipated;  so 
that  what  evaporation  and  absorption  had  left  to  flow  out  of  the 
reservoir  would  be  swallowed  up  by  evaporation   and   absorption 

*R.  B.  B.  (1). 
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in  the  Soudan  marshes,  and  an  insignificant  remnant  only  would 
survive  to  reach  Khartoum. 

Under  present  conditions  of  the  river,  more  than  half  of  the 
total  amount  of  water  issuing  from  the  lakes  is  lost  in  the  marshes. 
Sir  W.  Garstin  has  estimated  that  it  would  cost  nearly  four 
million  pounds  to  create  an  embanked  channel  of  sufficient  capacity 
to  carry  the  river  discharge  through  the  400  miles  of  marsh.  It 
would  be  easy  to  show  by  figures  that  such  an  expenditure  would 
be  well  worth  incurring  if,  by  so  doing,  the  loss  due  to  the  spreading 
out  in  the  marshes  is  prevented,  and  the  summer  discharge  at 
Khartoum  of  about  33  million  cu.  yd.  a  day,  is  thereby  doubled. 
An  addition  of  33  million,  continued  for  the  80  days  of  summer 
when  the  increase  is  required,  would  represent  2  640  million  cu.  yd. 
of  water,  or  double  the  quantity  stored  by  the  Assuan  Reservoir. 

*Sir  William  Willcocks  advocates  raising  the  Assuan  Dam  by 
20  ft.  and  thereby  doubling  the  storage  capacity  of  the  reservoir. 
He  also  recommends  connecting  the  Wady  Rayan  with  the  Nile  and 
using  it  in  conjunction  with  the  Assuan  Reservoirs.  The  Rayan 
Reservoir  would  act  in  a  similar  way  to  the  ancient  Lake  Moeris, 
and  could  be  made  to  store  two  or  even  three  millionst  of  cubic 
metres  of  water  above  the  level  to  which  its  contents  could  be 
utilized  for  siipplementing  the  summer  Nile.  The  Wady  Rayan 
is  a  depression  in  the  desert  alongside  the  Faynm,  which  it 
reserables,  in  that  its  lowest  point  descends  to  more  than  40  m.  below 
sea  level.  About  20  years  ago,  attention  was  called  to  the  possi- 
bility of  making  the  depression  into  a  storage  reservoir  by  Mr. 
Cope  Whitehouse,  an  American  visitor  to  Egypt  of  several  winters. 

It  is  also  possible  to  make  other  reservoirs  in  the  trough  of  the 
Nile  itself  by  the  construction  of  dams  similar  to  the  Assuan  Dam 
on  one  or  more  of  the  cataracts  between  Assuan  and  IQiartoum. 
So  that  Egypt  has  a  choice  to  make  from  several  practicable  pro- 
posals, and,  now  that  the  Anglo-Erench  agreement  gives  the 
Egyptian  Government  liberty  to  dispose  of  accumulated  funds  in 
hand,  it  will  doubtless  make  its  choice  and  get  to  work  on  the 
selected  project. 

Eor  the  irrigation  of  that  part  of  the  Soudan  which  lies  on  the 
right  bank  of  the  Nile  about  Khartoum,  including  the  Island  of 

*W.  W.  (3);  W.  W.  (4):  R.  H.  B.  (1),  Chapter  V. 

tThe  word  "millions,"  as  here  given,  should  read  "milliards.''' 
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Meroe,  the  Blue  Nile  water  will  doubtless  be  utilized.  It  has  been 
suggested  that  a  storage  reservoir  might  be  made  of  the  Abyssinian 
Lake  Tana  which  has  a  surface  area  of  1 300  sq.  miles.  Here 
again  the  relation  between  the  lake  area  on  the  one  hand,  and  the 
catchment  area  and  rainfall  on  the  other,  appears  to  be  such  that 
the  discharge  obtainable  from  the  lake  in  summer  cannot  be  made 
great  enough  to  meet  requirements.  The  summer  discharge  of  the 
Blue  Nile  falls  to  less  than  200  million  cu.  ft.  a  day,  and,  unaided, 
could  not  be  relied  upon  for  the  irrigation  of  a  crop  of  any  con- 
siderable area  requiring  water  during  the  months  of  lowest  dis- 
charge. But  if  Egypt  and  that  part  of  the  Soudan  which  could 
utilize  the  water  of  the  White  Nile  were  to  have  their  irrigation 
fully  provided  for  by  a  combination  of  the  alternative  projects 
named  before,  the  Blue  Nile  summer  water  (whatever  it  may 
amount  to),  supplemented  by  contributions  from  the  Tana  Reser- 
voir, might  be  reserved  for  the  lands  on  both  sides  of  that  river, 
and  a  considerable  area  of  summer  crop  be  thereby  raised  on  them. 
What  that  possible  area  may  be  can  be  calculated  better  after  Mr. 
Dupuis'  report  is  made  public.  But  assuming  that  a  summer  dis- 
charge of  700  million  cu.  ft.  a  day  is,  with  the  help  of  a  Tana  Lake 
Reservoir,  made  available  for  irrigation  from  the  Bhxe  Nile,  an 
area  of  700  000  acres  of  summer  crop  could  be  raised  by  utilizing 
the  whole  discharge;  or,  assuming  that  two-fifths  of  the  whole  area 
brought  into  cultivation  is  under  summer  crops,  the  area  that  could 
be  given  perennial  irrigation  would  be  1  750  000  acres. 

To  distribute  the  water,  barrages  on  the  Blue  Nile  at  the  most 
favourable  points,  with  a  system  of  canals  in  connection  with  them, 
would,  of  course,  be  necessary. 

Another  way  of  solving  the  difficult  problem  of  Soudan  develop- 
ment, under  the  present  conditions  of  the  summer  supply  which 
is  all  claimed  by  Egyi^t,  is  to  produce,  by  methods  of  evolution 
known  to  expert  horticulturists,  a  variety  of  cotton  that  will  come  to 
maturity  if  sown  in  June,  that  is,  after  the  Blue  Nile  begins  to 
rise,  when  there  is  water  enough  and  to  spare. 

The  soil  of  the  Soudan  is  only  waiting  for  the  water  of  life  for 
the  seed  to  bear  its  "hundredfold."  The  "Isle  of  Meroe"  alone, 
lying  between  the  Blue  Nile  and  the  Atbara  is  an  extensive  waste 
of  good  soil,  such  as  that  to  which  the  Chenab  Canal  in  India  has 
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given  life.  It  is  water  that  is  wanting,  and  to  find  it  is  the  present- 
day  Soudan  question,  as  twenty  years  ago  irrigation  was  the 
Egyptian  question.  Those  same  twenty  years  have  done  niueli  for 
Egypt.  In  1884  the  value  of  landed  property  in  Egypt  was  roughly 
120  million  pounds,  made  up  of  2  million  acres  of  basin  land  at 
£15  an  acre  and  3  million  perennially  irrigated  lands  at  £30. 
*To-day  the  value  has  increased  to  275  million  pounds,  made  up 
of  2  million  acres  at  £25  an  acre  and  4  million  at  £55.  If  the 
Soudan  question  can  be  answered  as  satisfactorily,  it  will  be  well 
with  the  Soudan. 

*W.  W.  (4),  p.  4. 
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IRRIGATION  IN  JAVA. 

By  J.  E.  DE  Meyier.* 


I.     General  View  of  the  Country. 

For  the  American  reader,  the  Island  of  Java  is  no  longer  an 
unknown  country,  since  Professor  Clive  Day  has  given  such  an 
able  and  interesting  account  of  its  political  history,t  and  it  is  an 
attractive  task  to  complete  that  knowledge  with  a  glance  at  its 
natural  and  agricultural  conditions. 

Situated  in  the  tropical  zone,  between  6  and  9°  south  latitude 
and  extending  in  length  from  west  to  east  over  660  miles,  while  the 
breadth  of  the  island  does  not  surpass  a  fifth  of  that  measure, 
Java  is  peculiarly  under  the  influence  of  the  sea  and  the  regular 
monsoons  which  are  observed  in  this  portion  of  the  Indian  Archi- 
pelago. A  series  of  volcanoes  forms  the  tops  of  the  mountain  range 
which  constitutes  the  backbone  of  the  island,  and  it  is  in  creeping 
up  against  the  slope  of  tliese  mountains,  that  the  water-laden  clouds 

*  Formerly  Director  of  Public  Works  in  Netherlands'  India. 

t "  The  Policy  and  Administration  of  the  Dutch  in  Java,"  by  Clive  Day,  Ph.D.,  Assist- 
ant Professor  of  Economic  History  in  Yale  University.  New  Y'ork,  The  Macmillan 
Company,  1904. 
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from  the  sea  are  condensed  and  contribute  to  the  plentiful  rain- 
fall which  causes  the  fertility  of  the  island. 

The  highest  peaks  do  not  exceed  10  000  ft.,  and  the  snow  limit 
is  nowhere  attained,  so  that  there  is  not,  as  in  Italy  and  Hindoostan, 
that  regulating  cause  of  water  flow  which  is  the  distinctive  feature 
■of  perennial  streams.  As  the  rivers,  on  the  whole,  flow  transversely 
to  the  general  direction  of  the  island,  their  length  is  small.  Heavy 
showers  have  a  marked  influence  on  the  supply,  and,  also  for  this 
reason,  the  latter  is  very  variable. 

The  soil  of  Java  is  generally  of  volcanic  origin,  and  the  tertiary 
formation  is  the  oldest  that  appears  at  the  surface.  The  rocks  are 
easily  eroded  by  the  strong  agents,  sun,  air  and  water,  and  the 
clay  is  carried  downward  to  the  valleys  and  to  the  seacoast,  where 
fertile  plains  are  formed.  In  the  western  part  of  the  island,  this 
clay,  as  a  rule,  is  more  compact  and  heavy,  and  requires  considerable 
moistening  before  it  can  be  plowed.  In  the  eastern  part,  the  soil 
seems  to  consist  of  a  greater  portion  of  the  direct  products  of 
volcanic  eruption;  it  is  lighter  and  in  some  instances  more  fertile. 
The  lands  where  clay  and  sand  are  properly  mixed  are  called  "tanah 
ladoe"  and  allow  two  crops  in  a  single  year,  while  the  heavy  clay, 
or  "tanah  lindjad,"  generally  can  bear  only  a  single  crop.  The 
rivers  in  their  upper  courses  carry  pebbles  of  volcanic  origin,  gen- 
erally designated  as  andesite.  These  pebbles,  lower  down,  grow 
smaller  by  erosion  and  decomposition  until  in  the  lower  coi:rses 
only  silt  or  sand  is  carried.  In  some  places  the  fields  are  covered 
with  sand  or  pebbles  by  occasional  floods,  but  there  are  also  con- 
siderable tracts  where  the  rock  comes  to  the  surface  like  the  peaks 
of  an  underlying  hill  range,  the  interstices  of  which  have  been  silted 
up  by  alluvial  deposits.  From  the  mode  of  formation  of  the  island, 
viz.,  the  volcanic  upheaval  of  the  central  tertiary  benches,  the 
erosion  of  the  rocks  by  meteorological  influence,  the  eruption  of 
volcanic  products,  and  the  deposition  of  the  products  of  erosion 
and  eruption,  carried  along  by  the  rivers,  in  the  valleys  and  plains, 
it  is  obvious  that  only  these  latter  parts  are  fit  for  permanent 
agriculture. 

Everywhere,  the  slopes  and  steep  ravines  of  the  moimtains  are 
covered  with  a  luxuriant  vegetation,  and  only  near  the  tops  of  the 
ever-active   volcanoes,   or   where  the   hand   of  man   has   burned   or 
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destroyed  the  forest,  are  there  bare  rocks  and  open  spaces,  the 
latter  generally  covered  with  a  sort  of  indestructible  long  grass 
"alang  alaiig"  (imperata  arundicea),  which  gives  the  greatest 
difficulty  when  such  fields  are  to  be  brought  under  regular  cultiva- 
tion. The  primitive  inhabitants  used  to  clear  a  space  in  the  forest 
and  sow  a  dry  crop  of  rice  on  the  spot;  and  when  this  so-called 
^'hoema"  or  "tipar"  was  reaped,  they  turned  to  another  part  for  their 
subsistence.  This  practice  is  still  followed  in  some  sparsely-popu- 
lated mountain  districts,  but,  with  the  growing  population  and 
culture,  the  people  have  taken  to  the  so-called  "wet"  rice  culture, 
which  has  been  carried  on  since  immemorial  times  on  the  same 
fields,  and  gives  a  far  richer  harvest. 

Since  historical  times  rice  has  been  the  principal  food  of  the 
native,  and,  although  he  supplements  it  with  other  articles  of  food 
in  times  of  want,  he  is  so  used  to  it  that  he  only  speaks  of  having 
eaten  when  his  fare  has  consisted  of  "nassi"  (cooked  or,  rather, 
steamed  rice). 

II.     The  Rainfall. 

It  is  obvious  that,  in  a  land  where  the  principal  product  of  the 
soil  needs  such  a  quantity  of  water,  the  rainfall  is  of  vital  im- 
portance; and  the  study  of  the  meteorologic  phenomena  has  been 
a  subject  of  care  to  the  Government,  which,  since  1879,  has  published 
annually  a  record  of  the  rainfall  in  the  Indian  Archipelago.  In  this 
book  the  daily  observations  are  given  for  109  places  in  Java  and 
117  places  in  other  islands.  In  later  years  private  industry  and 
the  irrigation  service  have  multiplied  these  observations  consider- 
ably, so  that  the  results  from  some  450  stations  more  can  be  found 
in  the  '^atuurkundig  Tijdschrift  van  N.  I." 

The  data  from  these  different  sources  have  made  possible  the 
construction  of  the  lines  of  equal  yearly  rainfall  on  the  map, 
Plate  I.  In  making  a  few  remarks  on  the  results  of  24  years' 
observation  the  writer  will  consult  only  the  data  of  the  Government 
publications.  The  highest  figure  therein  amounts  to  4  512  mm.  at 
Alas  Petcieng,  on  the  slope  of  the  Smeroe,*  in  East  Java,  3  400  ft. 
above  sea  level,  while,  in  the  western  part,  Buitenzorg  gives  nearly 

♦In  the  names  of  mountains  and  places  the  usual  Dutch  spelling  is  followed;  oe  is 
pronounced  as  oo  in  good,  or  the  German  u. 
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the  same  quantity  at  880  ft.  An  upper  limit  of  180  in.  is  exceeded, 
according  to  unofficial  observers,  who  give  240  in.,  and  once  even 
280  in.,  but  these  must  be  exceptional  cases,  and  it  is  possible  that 
all  sources  of  error  were  not  avoided.  The  least  quantities  in  the 
tables  fall  in  the  eastern  part  of  Java,  along  the  seacoast,  where 
Probolinggo,  with  1 131  mm.,  or  28  in.,  has  a  minimum. 

In  comparison  with  British  India  the  condition  of  Java  is  very 
favorable.  In  some  portions  of  Punjab  and  Sind  the  annual  rain- 
fall does  not  reach  10  in. ;  in  the  plains  of  the  Ganges  and  Jumna 
from  30  to  60  in.  is  a  large  quantity,  and  higher  figures  are  found 
only  in  Eastern  Bengal,  in  the  Brahmaputra  Valley  and  in  the 
Western  Ghats.  The  latter  may  be  compared  with  the  average 
of  Java. 

In  order  to  give  an  idea  of  the  distribution,  heaviness  and 
frequency  of  the  rain  in  Java,  the  data  for  the  twenty-four  stations 
in  Table  2  have  been  selected  from  the  Government  publica- 
tions. The  heights  are  reduced  to  English  inches,  and,  next  to  the 
mean  figures  of  the  whole  period  of  24  years,  are  also  given  the 
figures  for  each  of  the  ten  previous  years,  1893  to  1902,  in  order  to 
observe  the  annual  variations. 

Though  the  difference  between  wet  and  dry  years  is  very  notice- 
able, the  least  annual  rainfall  never  falls  below  a  figure  which 
may  be  called  calamitous,  in  the  sense  in  which  the  deficiency  of 
the  rainfall  in  British  India  is  considered.  In  general,  in  India,  a 
deficiency  of  25%  is  likely  to  cause  some  injury  to  the  crop,  and  a 
deficiency  of  40%  is  called  a  severe  drought.*  On  the  highest 
normal  rainfall  of  from  30  to  60  in.,  this  means  a  reduction  to 
18  or  36  in.,  which  is  less  than  the  scantiest  fall  of  Java.  In 
British  India  every  severe  drought  is  followed  by  a  famine,  but  Java 
is  not  stibject  to  such  extremes.  Nevertheless,  the  long  periods  of 
consecutive  drought  during  the  east  monsoon  are  sometimes  the 
cause  of  a  serious  scarcity  in  some  parts  of  the  island.  This  is 
felt  especially  when  the  rains  in  Xoveniber  are  deficient  and  the 
fields  cannot  be  prepared  in  time  for  the  crop,  or  when  they  cease 
too  early,  before  the  crop  has  ripened.  In  both  cases,  and  also  to 
help  the  crop  over  intermediate  droughts,  irrigation  is  of  the  utmost 
value. 


*  "  Repoi't  of  the  India  Irrigation  Commissicn,  1901-1903,"  Part  I,  Genei  al,  p.  i.    Cal- 
cutta, 1903. 
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A  second  reason  for  irrigation  is  found  in  the  richness  of  the 
water  in  fertile  silt  which  restores  to  the  soil  the  elements  which  the 
rice  uses  for  its  nourishment.  As  a  rule,  the  rice  fields  are  not 
manured  in  any  way,  and,  because  this  crop  takes  only  small  portions 
of  nitrogen,  the  restoring  power  of  air  and  plentiful  water  seems  to 
be  generally  sufficient. 

That  severe  droughts  may  occur,  may  be  seen  from  the  last  three 
columns  in  Table  2,  where  the  average  number  of  rainy  days  is 
compared  with  those  of  two  very  dry  years,  1896  and  1902,  Especially 
in  the  lowlands,  the  number  fell  short  of  the  average  by  from  20  to 
40  per  cent. 

III.    Water  Supply  from  Rivers  and  Other  Sources. 

Owing  to  the  peculiar  form  of  the  island,  there  are  innumerable 
little  streams  by  which  the  profuse  rain  runs  back  to  the  sea,  and 
these  streams,  when  uniting,  form  rivers  of  no  great  capacity. 
Where  stone,  bamboo,  old  cocoanuts  and  other  temporary  materials 
were  at  hand  it  was  easy  for  the  people  to  throw  temporary  bunds 
or  weirs  across  these  little  streams  in  order  to  force  the  water  into 
primitive  canals  and  to  their  fields.  Where  the  rivers  were  shallow, 
native  skill  and  patience,  in  former  days,  was  sufficient  to  construct 
the  necessary  works  in  order  that  the  "sawahs"  or  wet  rice  fields 
got  the  necessary  supply  for  the  tilling  and  growing.  When  the 
rains  were  heaviest,  the  streams  occasionally  destroyed  the  tem- 
porary bunds,  but  mutual  help,  or  for  larger  works  compulsory  labor, 
in  the  form  of  "heerendienst"  or  "dessadienst,"  was  always  available 
to  repair  the  damage.  With  these  primitive  means  it  was  rarely 
possible  to  utilize  the  water  of  the  greater  rivers,  and  the  works 
attempted  in  that  way  by  native  chiefs  generally  failed,  for  want 
of  scientific  plans  and  money  to  execute  them. 

It  would  be  impossible  to  give  a  catalogue  of  the  manifold  water- 
courses and  streams  that  furrow  the  Island  of  Java,  but  in  Table 
3  are  given  the  areas  of  the  catchment  basins,  and  the  greatest 
and  least  supplies  of  some  of  the  main  rivers. 

The  figures  for  the  greatest  and  least  discharge  of  Indian  rivers 
are  always  very  uncertain.  If  the  catchment  basin  is  small,  a  single 
exceptional    shower    causes    a    rise    of    the    water    which,    in    the 
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mountains,  is  almost  instantaneous  and  is  called  by  the  natives  a 
"banyir."  The  dark  muddy  stream,  laden  with  the  trunks  of  trees 
and  the  remnants  of  copse  wood  torn  from  its  place,  is  signalled  by 
a  dull  roaring',  and,  in  the  mountain  valleys,  it  advances  like  a 
huge  wall  of  water,  tearing  everything  with  it  in  its  headlong  course 
downward.  Gradually,  the  great  velocity  of  the  water  is  tempered, 
and,  in  the  lowlands,  the  rising  of  the  rivers,  though  far  more  rapid 
than  in  the  main  rivers  of  the  great  continents,  becomes  more 
normal. 


TABLE  3. — Data  Kelating  to  Some  of  the  Main  Eivers  of  Java. 


Name  of  river. 

Residency. 

Area  of 

catchment 

basin,  in 

square 

miles. 

665 
1500 
1280 

340 

290 

240 

326 

.    5  950 

3  725 

65 

462 

Approximate  discharge,  in 
cubic  feet  per  second. 

Greatest. 

Excep- 
tional. 

Least. 

Ti'ioed  joeng 

Bantam.          

35  000* 
40  OUO* 
25  000 

24  000 
20  000 

25  000 
18  000 

70  000 
40  000 
11300 
17  000 

32666 
34  000 
53  000 
38  000 
70  000 

90  000 
60  000 
20  000 
70  000 

700* 

Tjitaroem 

Tjimanoek 

Pamali 

Tjomal 

Batavia  and  Preanger 

Cheribon  and  Preanger 

Pekalongan 

1  000* 
600* 
250 
COO* 

Toentang 

Serang 

Samarang 

600* 
600* 

Solo 

Soerakarta,     Rembang     and 
Soerabaya 

530 

Brantas 

Kediri  and  Soerabaya 

2  600 

Pekalen 

Pasoeroean 

170 

Sampeyan 

Besoeki 

400 

*  The  figures  are  approximations. 


Because  the  movement  of  the  water  in  the  upper  course  of  the 
river  is  not  a  permanent  one,  it  is  very  possible  to  observe  there  a 
much  greater  discharge  per  second  than  in  the  neighborhood  of  the 
sea,  although  the  supply  is  increased  by  tributaries.  The  greatest 
discharge  is  practically  of  interest  when  permanent  head-works  are 
to  be  made,  in  order  to  give  them  sufficient  capacity.  The  least 
discharge  occurs  at  the  end  of  the  east  monsoon,  when,  often  during 
a  period  of  5  or  6  months,  no  rain  at  all  has  fallen  and  the  south- 
east tradewind  has  contributed  to  take  the  moisture  from  the  atmos- 
phere. In  some  of  the  rivers  the  discharge  may  dwindle  away  to 
practically  nothing,  and  where  the  water  is  used  for  watering  the 
so-called  second  crops,  viz.j  maize,  cotton,  beans,  monkey  nuts,  inland 
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potatoes,  tobacco  and  the  like,  the  area  cultivated  must  be  greatly 
reduced  and  the  crops  which  require  the  least  moisture  must  be 
selected,  or  the  culture  must  be  stopped  altogether. 

As  far  as  irrigation  is  concerned,  the  most  interesting  is  the  low- 
water  discharge  of  the  rivers,  when  the  rains  in  the  lowlands  are  not 
yet  sufficient.  On  the  plains  near  the  sea  the  frequency  of  tolerably 
high  water  in  the  great  rivers  during  the  west  monsoon  may  also 
be  of  importance,  because  dependence  is  frequently  placed  on  canals 
which  can  only  take  water  if  the  level  exceeds  a  certain  limit.  The 
condition  of  these  plains  is  similar  to  that  of  the  greater  part  of  the 
Nile  Delta,  and  to  that  of  the  plains  of  Sind,  watered  by  the  Indus, 
in  former  days.  The  flood  canals  on  which  the  Nile  Delta  depended 
are  now  being  gradually  changed  to  perennial  canals. 

Owing  to  the  great  difficulty  of  making  proper  weirs  across  the 
main  rivers,  their  discharge  is  seldom  used  directly  for  extensive 
irrigation  works,  and  only  in  later  times  have  attempts  been  made 
to  complete  the  existing  systems  of  minor  works  on  tributaries,  with 
the  utilization  of  the  main  rivers  by  the  aid  of  weirs. 

That  in  the  smaller  rivers  "banyirs"  are  frequent,  but  generally 
subside  in  a  few  hours,  is  due  to  the  heavy  showers  which  sometimes 
fall  in  a  single  mass.  The  above  mentioned  rain  observations  give 
daily  quantities,  which  in  some  cases  amount  to  12  in.,  and  days  of 
4  in.  rainfall  are  frequent  at  every  station.  Though  the  records  are 
given  daily,  the  water  of  a  heavy  shower  falls  generally  in  from 
4  to  6  hours,  and  there  are  records  of  rainfalls  of  3  in.  in  1  hour  and 
0.1  in.  in  a  minute. 

Silt.- — As  the  water  of  the  Javanese  streams  generally  does  not 
pass  through  lakes,  where  it  might  be  cleared,  and  as  the  banks  are 
subject  to  erosion,  so  that  portions  of  the  soil,  with  trees  and  all,  are 
frequently  carried  downward,  the  quantity  of  silt  carried  is 
enormous. 

As  to  the  largest  river,  the  Solo,  we  learn  from  ample  researches 
that  every  cubic  foot  of  water  annually  running  down  to  the  sea 
contains  1  000  gr.  of  silt.  Wlien  the  water  is  high  every  cubic  meter 
contains  6  kg.,  which  corresponds  to  2  600  gr.  per  cu.  ft.  (The 
Mississippi  at  New  Orleans,  according  to  Mr.  L.  H.  Gardner,  carries 
from  460  to  1  200  gr.  per  cu.  ft.) 

The  Serang  River,  near  the  head-works  of  the  Demak  irrigation. 


IRRIGATION    IX   JAVA,  41 

causes  much  trouble  at  the  intake  of  the  canal  water,  and  contains 
there  from  1  500  to  1  600  gr.  of  silt  per  cu.  ft.  The  nature  of  the 
silt  differs.  In  the  Solo  Eiver  it  is  chiefly  clay,  but  in  the  Brantas 
it  contains  21%  of  sand.  The  coarser  material  is  of  no  value,  and 
the  sluices  are  generally  shut  when  the  river  is  swollen  by  'T^anyir," 
but  the  more  tenuous  silt,  which  can  float  a  long  way  in  the  canals, 
is  rich  in  nutritive  constituents.  According  to  researches  on  the 
canal  water  in  the  delta  of  the  Brantas,  it  contained  quantities  of 
from  0.35  to  0.65%  of  phosphoric  acid,  0.43  to  0.60%  of  kali  and 
0.25  to  0.27%  of  nitrogen. 

Length  and  Cross-Section  of  Rivers. — The  length  of  the  greatest 
river  of  Java,  the  Solo,  which  takes  its  course  eastward,  is  not 
greater  than  350  miles.  Next  follows  the  Brantas,  which  makes  a 
sharp  circuit  around  the  Kawi  and  Kloet  volcanoes,  from  the 
sources  to  the  sea,  with  120  miles  (100  miles  to  the  great  movable 
dam  at  Lengkong,  where  the  river  divides  into  two  arms). 

The  breadths  of  the  rivers  vary,  but  seldom  exceed  200  to  400  ft. 
In  the  lower  course  of  the  Solo  the  depth  at  high  water  at  Karang- 
geneng  (25  miles  from  the  mouth)  is  33  ft.  and  at  low  water  13  ft., 
the  water  level  being  generally  higher.  This  river  is  navigable  for 
sea-going  native  boats  to  Babat  (some  40  miles),  and  upward  to 
Soerakarta,  the  capital  of  a  native  state,  for  smaller  craft  and 
rafts  in  the  rainy  season.  Since  the  general  introduction  of  rail- 
ways, the  carriage  of  goods  by  boats  has  nearly  ceased  on  this  as 
well  as  on  other  rivers.  The  Brantas,  however,  which  contains  more 
water  in  the  dry  season,  is  used  for  the  carriage  of  sugar  and  other 
goods  in  competition  with  the  railways.  Generally,  the  water  traffic 
is  of  only  a  local  character,  and  is  of  no  importance  in  the  great 
export  trade. 

A  remarkable  feature  of  the  rivers,  which  pass  from  the 
mountain-valleys  to  the  lowlands,  is,  that  formerly  they  frequently 
inundated  the  adjacent  plains  and  the  silt  fell  down  near  the  banks. 
The  country  between  two  rivers  remained  low  and  gradually  sloped 
up  to  the  river  banks.  All  the  rainfall  could  not  pass  away  and 
swamps  were  formed,  which  were  not  fit  for  agriculture,  but  often 
an  ample  vegetation  therein  withstood  the  dry  monsoon.  From  this 
point  of  view,  these  swamps  or  ''rawahs"  form  a  A'aluable  means  of 
subsistence  for  cattle,  when  fodder  in  a  dry  year  is  scarce.     If  the 
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depth  is  not  too  great,  parts  of  such  swamps  can  be  cultivated  as 
rice  fields  ("sawah  rawah")- 

As  the  population  grew  more  dense,  the  frequent  overflows  could 
no  longer  be  tolerated,  and  dikes  were  made;  but  where  they  de- 
fended local  interests,  no  general  plan  existed  and  their  location 
and  form  were  often  defective.  Banks  were  scoured  out  and  were 
protected  by  spurs,  which  sometimes  damaged  the  opposite  side.  In 
this  way  regular  wars  arose  between  the  heads  of  adjacent  districts 
divided  by  rivers,  especially  if,  as  in  the  case  of  the  Tjimanoek  and 
other  rivers  in  Western  Java,  one  of  the  parties  comprised  the 
owners  of  the  ''particular  lands,"  which  were  sold  in  the  beginning 
of  the  19th  century.  Where  the  danger  from  inundation  was  very 
great,  as  in  Demak,  or  where  the  normalization  of  the  river  was  of 
vital  interest,  as  in  the  case  of  the  Brantas,  the  making  of  new  dikes 
on  a  general  plan,  not  by  compulsory  labor,  but  to  be  paid  for  in 
money,  was  taken  in  hand  by  the  Public  Works  Department. 

Other  Sources  of  Water  Supply.- — When  a  comparison  is  made 
with  British  India,  the  above-mentioned  report  of  1903  gives  (page 
11)  a  grand  total  of  44  million  acres  under  irrigation,  partly  from 
state  works  and  partly  from  private  works ;  and  from  these  only  the 
smaller  half  gets  water  from  canals,  while  for  nearly  13  million 
acres  the  supply  is  derived  from  wells  and  the  remainder  gets  it 
from  tanks  and  other  sources.  In  Netherlands'  India  irrigation 
from  wells  is  practically  of  no  importance,  for  it  is  insufficient  for 
wet  rice  culture.  It  is  practised  in  Krawang  as  a  means  of  supply 
when  the  peril  of  destruction  of  the  crop  by  drought  is  imminent, 
but  in  these  cases  it  is  generally  of  small  value.  Only  in  the  neigh- 
borhood of  towns,  where  gardening  or  the  culture  of  vegetables  is 
practised,  it  occurs,  but,  generally,  the  "dessa"  wells  are  in  use  for 
the  household.  Tanl<;  irrigation  is  somewhat  more  common,  but  is 
considered  far  inferior  to  canal  irrigation.  Frequently,  on  the 
particular  rice  lands  in  Batavia  the  crop  is  nearly  wholly  depen- 
dent on  water  storage  in  marshes  or  "rawahs."  These  are  maintained 
carefully  and  at  the  same  time  afford  a  favorable  opportunity  for 
the  shooting  of  wild  ducks.  In  the  lower  Solo  Valley  some  tanks 
are  very  useful  for  the  crop  when  this  is  retarded  by  the  overflow 
of  the  river  having  prevented  working  the  rice  fields  at  the  proper 
time.     In  the  southern  hills  of  that  valley  some  storage  works  of 
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great  dimensions  are  under  consideration;  and  when  there  is  occa- 
sion to  construct  them  in  other  places,  without  sacrificing  too  much 
ground  already  under  culture,  the  system  may  perhaps  be  extended, 
especially  in  the  hills.  Up  to  the  present,  irrigation  has  been  gen- 
erally considered  sufficient  only  when  the  water  is  derived  from 
canals. 

IV.     Cultivated  Area  akd  Crop. 

In  accordance  with  the  figures  collected  in  that  valuable  periodi- 
cal, the  "Koloniaal  Verslag,"  an  annual  report  on  the  political  and 
economical  condition  of  Netherlands'  India,  a  statement  relative  to 
the  seventeen  provinces  or  residencies,  into  which  Java  is  now 
divided,  is  given  in  Table  4.  Formerly,  there  were  twenty-two 
provinces,  but,  for  the  sake  of  economy  and  simplicity,  Krawang 
has  been  joined  to  Batavia,  Tegal  to  Pekalongan,  Japara  to  Sama- 
rang,  Bagelen  to  Kedoe,  and  Probolinggo  to  Pasoeroean,  since 
January  1st,  1901.  In  the  first  columns  the  area  and  population 
are  given,  and  in  the  following  columns  other  information,  after 
deducting  the  so-called  "particular  lands,"*  because  the  figures  for 
the  cultivated  area,  rice  crop^  irrigation,  etc.,  which  are  given  in 
other  parts  of  the  "Koloniaal  Verslag,"  refer  only  to  the  Government 
districts.  Two  residencies,  Soerakarta  and  Djokdjakarta,  are  pro- 
tected principalities  or  native  states,  and  the  agricultural  data 
for  these  cannot  be  obtained.  For  the  sake  of  comparison,  attention 
is  called  to  the  density  of  the  population  in  other  countries,  for 
instance,  in  Great  Britain,  the  density  is  345  per  square  mile,  in 
Belgium  595,  in  Holland  400,  in  France  185,  etc.,  while  for  the 
United  States  it  is  only  21.75. 

Deducting  the  area  of  the  "particular  lands"  and  principalities,  the 
area  of  the  Government  districts  is  42  477  sq.  miles,  or  27  166  000 
acres.  Of  the  lands  annually  sown  ("particular  lands"  omitted)  the 
area  is  7  252  300  acres.  The  ratio  of  cultivated  land  to  the  total 
area,  therefore,  is  26.7  per  cent. 

Comparing  with  Punjab,  Bombay,  Bengal  and  ]\'[adras,t  in 
round  numbers,  40,  50,  40  and  60%  are  found.  Relatively,  there 
remains  in  Java  more  ground  to  be  tilled  than  in  those  countries. 

*  Day,  p.  367. 

tReport  of  the  (British)  Indian  Irrigation  Commission,  1901-1903,  Part  I,  General, 
p.  10. 
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From  the  7.25  million  acres  actually  sown,  nearly  one-half  is 
cultivated  a  second  time  every  year.  The  first  crop  is  generally  rice, 
viz.,  5  100  000  acres,  and  2  150  000  acres  of  other  crops.  As  a  second 
crop,  only  415  000  acres  of  rice  are  mentioned,  as  against  3  100  000 
acres  of  other  products.  Of  the  latter,  no  definite  figures  relating  to 
irrigation  are  known.  Generally,  no  second  crop  is  possible  without 
canal  water,  but  the  quantity  of  water  required  is  far  less  than  for 
rice,  while  some  of  these  cultures  can  subsist  with  one-tenth  of  the 
full  supply. 

The  statistics  given  for  1902  accord  very  well  with  the  want  of 
rain  in  that  year,  as  mentioned  previously.  The  failure  of  the  rice 
crop  amounted  to  more  than  one-tenth  for  the  whole  island,  and 
was  particularly  severe  in  Krawang  (Batavia),  Demak  and  Gro- 
bogan  (Samarang),  and  on  the  Island  of  Madoera,  where  no  power- 
ful rivers  are  available.  In  these  districts  and  in  the  lower  Solo 
Valley,  in  Soerabaya  and  Rembang,  the  failure  was  partly  due 
to  want  of  water,  but,  generally,  it  was  due  to  the  previous  water- 
logging by  inundation  and  the  ensuing  delay  in  the  culture,  when 
the  rains  began  to  fail  before  the  crop  was  ripe. 

When  the  percentage  of  rice  fields  actually  irrigated  is  consid- 
ered, it  must  be  borne  in  mind  that  in  the  "Koloniaal  Verslag," 
from  which  these  figures  are  taken,  the  area  of  irrigated  fields  is 
given,  without  mentioning  the  canals  from  which  the  water  is 
taken  and  without  stating  that  the  most  primitive  and  insufficient 
contrivances  may  have  been  considered  as  giving  flowing  water 
to  the  fields.  The  others  are  designated  as  solely  dependent  on 
rain,  "tegal"  grounds,  not  fit  for  rice  culture,  and  "sawah-rawah." 
From  the  peculiarity  already  mentioned,  that  irrigation  from  neigh- 
boring streams  or  brooks  is  accomplished  very  easily,  it  is  clear 
that  high  figures  from  this  list  do  not  especially  indicate  extensive 
irrigation  works  in  that  province.  In  the  following  the  writer  will 
examine  the  particular  conditions  in  each  province. 

V. — Actual    Condition   of    the   Different   Provinces,   from   the 
Point  of  View  of  Irrigation. 

Bantam. — This  province,  the  most  westerly  part  of  the  island, 
has  suffered  from  severe  blows.     In  18S3  the  eruption  of  Ivrakatoa 
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swept  away  all  the  inhabitants  and  the  vegetation  of  the  low  country 
adjoining  the  Strait  of  Sunda.  Afterward,  heavy  fevers,  and  a  riot 
caused  by  fanaticism,  contributed  to  impair  the  situation,  but,  not- 
withstanding all  these  misfortunes,  the  country  is  now  tolerably 
well-to-do.  The  greater  portion  of  the  south  is  thinly  peopled;  in 
the  jungles  near  Java's  First  Point  the  tiger  is  still  searching  for 
his  prey,  and  the  infrequent  communities  of  natives  live  on  the 
crops  of  dry  rice  fields  or  the  products  of  the  forest.  Here,  near 
the  springs  of  the  Tjioedjoeng  River,  is  found  that  curious  people, 
the  Badoewis,  last  remnants  of  the  old  kingdom  of  Pkdjadjaren, 
whose  fall,  after  centuries  have  passed,  is  still  bewailed  in  this 
remote  portion  of  the  primitive  forests. 

The  cultivated  grounds  comprise  one-eighth  of  the  whole  area, 
and  are  found  in  the  north  around  a  mountain  range  with  the 
Karang  and  the  Poelasari  in  the  middle  and  ending  in  St.  Nicholas 
Point.  On  the  eastern  slope  the  most  fertile  fields  are  found  in 
the  district  of  Pandeglang,  easily  getting  its  water  from  the  adjoin- 
ing streams.  Lower  down,  the  lands  near  the  sea  get  water  from 
different  canals  fed  by  the  Bantam  River,  but  in  the  Tjioedjoeng 
Delta  the  area  requiring  water  is  greater  than  can  be  afforded  by 
the  existing  system.  These  lands  are  dependent  on  rain,  and  in 
order  to  make  the  crop  less  risky  and  to  give  the  means  to  till  the 
ground  sooner — in  order  to  sow  rice,  which  remains  longer  in  the 
field,  but  yields  a  much  greater  crop — it  has  long  been  under  con- 
sideration to  make  an  entirely  new  irrigation  work,  taking  water 
above  a  permanent  weir  to  be  constructed  in  the  Tjioedjoeng  near 
Rangkasbetoeng.  The  main  canal  must  follow  the  very  low  valley 
of  that  river,  and,  therefore,  would  be  in  a  somewhat  precarious 
position  in  case  of  extraordinary  floods ;  and,  on  account  of  its  length 
and  the  necessary  minor  works,  about  $1  500  000  would  be  required 
to  improve  the  irrigation  of  57  000  acres.  Up  to  the  present  time, 
it  is  thought  that  this  project  is  not  yet  ripe  for  execution. 

On  the  northern  slope  of  Mt.  Karang,  wholly  enclosed  by  hills, 
there  is  in  this  province  a  lake,  called  Dano,  with  a  steep  outlet  to 
the  Strait  of  Sunda.  In  the  rainy  season  the  water  of  this  lake 
stands  high,  and  in  the  dry  season  a  large  cultivable  shore  is  left, 
but  plans  to  utilize  this  lake  or  swamp,  for  the  storage  of  water 
which  could  be  drawn  by  a  tunnel  to  the  northerly  fields,  have  not 
yet  been  put  into  execution. 
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Batavia. — When  we  follow  the  great  plains  in  the  north  of 
Bantam  toward  the  east  and  cross  the  Tjioedjoeng  and  Tjidoerian 
Rivers,  which  form  the  limit  of  the  two  provinces,  we  pass  by 
extensive  "particular  lands,"  which  stretch  to  the  west,  south  and 
east  of  Batavia  and  give  valuable  rice  crops,  mainly  because  they 
may  be  watered  easily  from  the  little  coast  rivers,  which  run  to  the 
Java  Sea.  In  the  eastei'u  portion  of  the  country-,  around  Batavia, 
there  are  marshes  or  low  grounds,  where  the  water  is  stored  carefully 
by  the  landowners;  and,  as  far  as  the  great  Tjitaroem  River,  the 
abundant  rice  crop  gives  a  lively  trade,  as  Chinese  merchants  buy 
the  rice  for  export.  Passing  the  Tjitaroem,  the  adjoining  districts 
of  the  former  province  of  Krawang  are  the  least  prosperous  of  those 
surrovmding  Batavia.  Here,  toward  the  sea,  the  country  is  still 
in  its  primitive  state.  The  rivers  form  extensive  marshes,  where, 
when  the  inundation  is  not  too  heavy,  the  rice  plant  grows  with 
enormous  fertility,  but  the  crop  is  subject  to  failure  by  overflowing. 
The  parts  which  silt  up  above  the  level  of  inundation  are  entirely 
dependent  on  rain,  for  the  river  is  too  deep  to  spread  the  water  on 
the  fields  by  primitive  native  works.  In  order  to  water  some 
200  000  acres  and  secure  their  crop,  it  has  been  planned  to  make 
a  weir  across  the  Tjitaroem  and  construct  a  huge  main  canal 
through  the  steep  and  winding  banks  of  that  river.  The  danger 
of  landslips  in  the  canal,  the  great  height  to  which  the  river  must 
be  dammed,  the  interests  of  the  upper  and  lower  grounds  adjoining 
the  river,  and  other  difficulties,  have  as  yet  deterred  the  Govern- 
ment from  the  execution,  which  requires  a  capital  outlay  of  at  least 
$7  000  000. 

Turning  to  the  "particular  lands,"  south  of  Batavia,  there  are 
two  interesting  canals,  the  oldest  which  have  been  dug  in  the  inter- 
ests of  European  estates. 

The  visitor  to  Buitenzorg,  the  seat  of  the  Governor  General,  and 
renowned  for  its  Botanical  Garden,  "  's  Lands  Plantentuin,"  sees 
at  the  east  side  the  Tjiliwong  River,  which  meanders  through  that 
garden,  and  at  the  west  the  Tjidani  River,  with  Mt.  Salak  in  the 
background. 

"The  Oosterslokkan"  or  East  Canal  was  dug  by  the  proprietors 
of  the  lands  in  the  eighteenth  century.  It  took  its  water  from  the 
Tjiliwong  some  5  miles  above  Buitenzorg,  and  in  1753  it  was  com- 
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pleted  as  far  as  Batavia.  From  the  double  design,  watering  the 
rice  fields  and  carrying  the  products  to  the  market,  the  latter  proved 
unfeasible  on  account  of  the  great  slope  of  the  country,  which 
would  have  made  locks  and  other  works  necessary.  A  year  after 
the  completion,  the  intervention  of  the  Government  was  found  to 
be  necessary  in  order  to  make  proper  regulations  for  the  distribu- 
tion of  the  water  between  the  landowners.  Every  one  of  these  got 
the  right  to  make  an  inlet  of  certain  dimensions  and  to  build  a  weir 
of  timber  and  bamboo  across  the  stream  to  force  the  water  into  the 
sluices.  It  was  regulated  in  this  manner  in  1777,  but  in  1843  the 
landowners  were  ordered  to  make  good  permanent  works  in  masonry 
or  timber.  Afterward  the  volume  of  water  was  increased  by 
utilizing  another  river. 

The  East  and  West  Canals  take  their  origin  in  the  neighbor- 
hood of  Buitenzorg  and  water  the  "particular  lands"  of  Batavia.  They 
have  a  very  great  slope,  and,  in  order  to  prevent  the  scouring  of  the 
bed  by  too  fast  a  current,  this  slope  has  been  in  later  years  gradually 
broken  by  falls  of  masonry,  constructed  by  the  landowners  or  the 
Government.  Fig.  1  gives  two  examples  of  the  former,  constructed 
some  sixty  years  ago.  This  illustration  is  taken  from  a  paper*  by  Mr. 
Homan  van  der  Heide,  who  points  out  that  while  sloping  falls  are 
likely  to  scour  the  canal  at  the  down-stream  side,  and  vertical  falls  are 
frequently  damaged  if  the  cistern  is  not  very  deep,  these  works  give 
a  curious  example  of  a  third  contrivance,  which  has  proved  practi- 
cal, with  a  minimum  quantity  of  masonry.  The  slope  and  the 
retaining  walls  are  of  light  brickwork  and  the  difference  in  height 
between  the  upper  and  lower  levels  is  from  20  to  25  ft.  Commonly, 
the  supply  is  350  or  400  cu.  ft.  per  sec.  (the  greatest  supply  being 
two  or  three  times  that  quantity).  The  water  attains  such  a 
velocity  along  the  slope  that  the  thickness  of  the  jet  is  reduced  to 
2  ft.  or  less.  By  a  slight  incline  upward  at  the  toe,  the  jet  is  pro- 
jected some  20  or  30  ft.  from  the  lower  retaining  wall  and  reduced 
to  a  broad  spray.  In  this  way  the  impact  is  not  so  strong  and  the 
canal  bed  is  hollowed  out  only  to  a  moderate  depth  at  some  distance, 
but  is  not  scoured  just  below  the  toe  of  the  work.  The  greatest 
depth  measured  was  12  ft.  below  the  normal  bed  level,  at  a  distance 
of  60  ft.  from  the  transverse  retaining  wall. 

*  Tijdschrift  van  het  Koninklijk  Instituut  van  Ingenieurs"  1897-1898. 
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During  its  long  existence,  the  "Oosterslokkan"  has  been  scoured 
out  in  such  a  manner  that  the  bed,  nearly  everywhere,  is  some  30  ft. 
beneath  the  ground  level,  and  the  breadth  has  increased  accordingly. 
At  the  weirs  or  falls  of  permanent  construction,  which  exist  now 
at  the  different  inlets,  this  condition  does  not  endanger  the  effective 
working  of  the  canal.  The  supply  may  increase  in  the  wet  season 
to  1  750  cu.  ft.  per  sec,  but  in  the  dry  season  (August  to  October) 
it  does  not  fall  below  280  to  350  cu.  ft.  Though  the  catchment 
basin  above  the  weir  is  only  61  sq.  miles,  the  great  flow  is  due  to 
the  great  rainfall  in  the  mountains  south  of  Buitenzorg.* 

The  "Westerslokkan"  or  West  Canal  was  made,  according  to  a 
resolution  of  1Y76,  when  the  Tjidani  was  dammed  at  Empang 
near  Buitenzorg,  under  the  supervision  of  the  Dutch  engineer,  who 
took  care  of  the  East  Canal.  This  was  in  order  to  increase  the 
supply  of  the  first-named  canal  and  to  use  that  for  renewing  the 
water  of  the  canals  in  the  Town  of  Batavia.  Afterward  the  works 
fell  into  disuse,  but  in  1817  permits  were  granted  to  landowners  in 
the  neighborhood  to  make  watercourses  from  that  river,  and  gradu- 
ally the  inlets  and  permits  increased,  so  that  this  canal  is  no  more 
a  feeder  from  the  Tjiliwong,  but  is  cut  through  to  the  lowlands  and 
divides  there  into  branches  which  irrigate  the  western  part  of  the 
Batavia  lands.  The  capacity  at  the  head-works  at  Empang  varies 
from  1  000  to  200  cu.  ft.  per  sect 

The  idea  of  expensive  remodelling  of  the  canals  and  their  de- 
fective works  has  been  given  up,  because  the  cost  would  be  too 
great  a  burden  for  the  landowners,  and  as  they  are  the  proprietors 
who  get  the  rent  of  the  land  which,  in  the  Government  dis- 
tricts, goes  to  the  treasury,  there  is  no  reason  to  pay  this  outlay 
out  of  the  latter. 

At  present  the  Government  pays  the  staff  for  the  supervision 
of  the  water  distribution,  while  some  repairs  and  new  works  are 
under  the  charge  of  the  owners  of  the  "particular  lands."  The 
Government's  yearly  outlay  for  ordinary  repairs  and  supervision 
is  estimated  at  $16  000  for  the  entire  system. 

♦There  are  some  other  minor  canals  which  take  water  from  the  Tjiliwong  River, 
and  among  these  may  be  mentioned  the  Tjiballok,  a  canal  which  has  an  open  inlet  9 
miles  up  stream  from  Buitenzorg.  After  watering  the  Bloeboer  Estate,  formerly  a 
property  annexed  to  the  charge  of  the  Governor  General,  and  afterward  taken  over  by 
the  Government,  it  flows  through  the  gardens  of  the  Governor's  residence  and  unites 
with  the  canal  next  to  be  described.    It  has  also  a  great  slope  divided  by  falls. 

t  A  detailed  record  of  the  inlets  of  both  canals,  with  dates  of  permits  and  names  of 
weirs,  is  found  in  the  "  Report  on  the  Indian  Public  Works  "  for  1894,  p,  239  et  seq. 
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Fig.  1. — Weir,  with  Vertical  F.\ll,  T.iiisoloe,  in  the  West  Canal,  Batavia. 


Fig.  2.— Ttnnel  Head  and  Cross-Drainage,. Tji  DJAMBfi. 
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Preanger  Regencies. — Comparing   the   general   area    (2  990  sq. 
miles,  or  1  913  600  acres)  with  the  area  actually  sown,  the  ratio  is 
not   as   unfavorable   as   in   Bantam,   giving   22.75%,   but   still    the 
southern  part  of  this  great  province  is  very  sparsely  inhabited.     In 
the  northern  part,  the  districts  of  Soekaboemi  and  Tjiandjoer,  with 
their  copious  rainfall  and  many  streams,  are  easily  irrigated,  and 
this  was  also  the  case  with  the  surroundings  of  the  capital,  Ban- 
doeng.    Certain   tracts,   however,   were   not   so   favored.     Of  these, 
attention  is  drawn  to  the  Tjihea  plain,  east    of  Tjiandjoer.    About 
14  000  acres  of  this  plain  covild  not  be  watered,  because  the  Tjisokkan 
and  the  Tjihea,  between  which  rivers,  tributaries  of  the  Tjitaroem, 
it  was  enclosed,  were  too  deep  to  be  drawn  off  by  the  ordinary  native 
means.    In  passing  from  Tjiandjoer  to  Bandoeng,  on  the  railway, 
the  barren  aspect  of  this  portion  was  in  striking  contrast  with  the 
adjoining  districts.     On  account  of  this,  the  Government  was  in- 
duced to  execute  a  remarkable  irrigation  work  in  that  part  of  the 
province.     The   great   difficulty   of   drawing   water   from   the   deep 
Tjisokkan  was  surmounted  by  making  a  head-work  up  the  river  in 
the   forest   and   constructing   the  main   canal   partly   in   the   steep 
banks  of  that  river  and  partly  through  tunnels.     On  the  first  three 
miles  there  are  four  tunnels  of  295, 146,  490  and  136  yd.,  some  deep 
cuttings,   three   masonry   aqueducts    for    cross-drainage    and   other 
minor  works.     The  tunnels  are  in  rubble  masonry  8.5  ft.  wide  and 
Y  ft.  high  to  the  top  of  the  arch,  which  is  segmental,  with  1§  ft. 
rise.     In  the  plain,  the  main  canal,  which  has  a  capacity  of  265 
cu.  ft.  per  sec,  divides  into  a  network  of  distributaries  which  are 
provided   with    falls,   aqueducts,    siphons,    bridges    and    sluices;    so 
that  for  the  entire  area  the  water  distribution  is  now  completely 
arranged.     The  cost  of  the  first  two  sections  of  the  main  canal 
amounted   to   $155  000   or  $56  000  per   mile,   while  the   succeeding 
miles  of  that  canal,  as  long  as  its  capacity  was  not  greatly  reduced 
by  distributaries,  cost  only  25%  of  that  amount.     This  work,  with 
the  expensive  head  canal,  which  reminds  one  of  the  Verdon  Canal 
in  France,  although  on  a  reduced  scale,  and  the  elaborate  manner 
in  which  the  distribution  of  the  water  is  provided,  so  that  the  whole 
cost  about  $25  an  acre,  is  an  example  of  the  utmost  limit  of  state 
enterprise  in  irrigation.     A  private  company  could  not  have  under- 
taken the  work  with  the  most  modest  expectation  oi  gain,  and  it  will 
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be  an  interesting  contribution  to  the  results  of  irrigation  politics  if, 
in  the  long  run,  this  work  remunerates  the  capital  outlay,  in  the 
form  of  land  revenue  and  other  indirect  advantages  combined. 
Where  by  the  steadily  growing  population,  it  opens  a  new  field  of 
action  for  native  settlers,  it  seems  no  fit  beginning  that  on  a  large 
portion  of  the  newly  watered  grounds  a  lease  of  emphyteutic  tenure 
("erfpacht")*  was  granted  to  a  European. 

The  Preanger  Regencies,  which  have  a  valuable  water  supply 
in  their  rivers,  and  in  which,  as  the  culture  extends,  interesting  irri- 
gation works  may  still  be  constructed,  are  also  delivering  part  of 
that  supply  to  the  lowlands,  according  to  rights  established  in  olden 
time,  when  the  hill  country  was  still  nearly  uninhabited.  Important 
examples  are  afforded  in  the  Regency  of  Soemadang  where  the 
northeast  frontier  adjoins  the  "particular  lands"  of  Kandanghauer 
and  Indramayoe  West,  in  the  Residency  of  Cheribon.  These  ex- 
tensive estates  of  503  and  204  sq.  miles,  respectively,  of  which  21% 
is  cultivated,  would  be  worthless  if  the  water  from  the  Tjipannas 
and  the  Tjiplang,  tributary  to  the  Tjimanoek,  were  not  dammed 
in  the  highlands  and  the  water  conducted  in  canals  to  the  seacoast. 
The  right  to  do  this  seems  to  date  from  the  beginning  of  the  19th 
century  or  earlier,  when  the  lands  were  sold.  Though  private 
property,  the  thousands  of  natives  living  on  these  lands  have  as 
much  claim  to  that  water  as  their  younger  brethren  in  the  hills; 
and  now  some  3  000  acres  in  the  formerly  uninhabited  dis- 
tricts could  be  tilled  if  the  water  were  not  wanted  for  the  lands 
further  down  stream.  This  is  an  example  of  the  complications  which 
must  arise  in  irrigation  matters  as  the  population  becomes  more 
dense. 

Cheribon. — Next  to  the  two  great  "particular  lands"  west  of  the 
Tjimanoek,  and  eastward  of  that  river,  there  is  in  this  province  an 
extensive  plain  which  is  wholly  dependent  on  irrigation,  because 
the  rains  are  scarce  and  the  heavy  clay  ground,  in  the  dry  season 
as  hard  as  stone,  requires  a  copious  watering  before  it  can  be  tilled. 
With  native  means  the  head  river  could  not  be  attacked,  but  an 
eastern  tributary,  the  Tjikeroe,  running  down  from  Mt.  Tjermai, 
was  dammed  and  the  water  gradually  conducted  downward  by  a 
canal,  stretching  laterally  to  the  Tjimanoek.     The  "banyirs"  of  the 
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river,  generally  subsiding  in  one  day,  ran  into  the  canal,  which  had 
to  be  provided  with  escapes  to  the  Tjimanoek.  The  canal  and  the 
river  are  both  in  the  plain,  and  the  slope  is  small,  so  that  in  the 
upper  portion  overflows  on  the  wrong  side  happened  occasionally, 
and  the  high  water  of  the  Tjimanoek  did  much  damage,  not  only 
to  the  canal  but  to  the  villages,  roads  and  fields.  In  order  to'  remedy 
this  evil,  and  to  afford  the  necessary  security  against  the  failure  of 
the  supply  of  irrigation  water  by  the  rupture  of  native  construc- 
tions, the  Government  has  made  sluices,  which  take  the  water  im- 
mediately from  the  Tjimanoek,  and  thus  the  whole  system  is  bettered 
and  extended. 

Turning  to  the  country  south  of  Indramayoe,  along  the  great 
trunli  road  of  Daendels  which  passes  from  the  Preanger  frontier  by 
the  capital  of  Cheribon,  and  further  along  the  seacoast  to  Samarang, 
in  the  residency  now  composed  of  Tegal  and  Pekalongan,  other 
circumstances  give  special  interest  to  the  irrigation  question,  viz., 
the  many  sugar  manufactories  in  this  part  of  the  northern  coast 
plain  of  Java.  By  a  tramway,  which,  in  fact,  is  a  simply  con- 
structed railway,  running  16  miles  an  hour,  Karang  Sambong,  at 
the  old  ferry  across  the  Tjimanoek  near  the  sugar  mill  of  Kadipaten, 
is  connected  with  Samarang  and  from  there  a  line  continues  through 
the  country  eastward.  Between  the  two  last-named  places,  and  within 
a  distance  of  200  miles,  not  less  than  thirty-five  sugar  manufactories 
are  working  and  have  a  vital  interest  in  the  proper  watering  of 
their  cane  fields.  In  Cheribon  twelve  factories  occupy  yearly  a 
plantation  of  20  000  acres,  producing  1 000  000  picols  of  sugar 
(64  444  tons  of  20  cwt.)  of  a  gross  value  of  more  than  $2  500  000. 
The  fields  for  this  crop  are  hired  from  the  natives,  because  they 
are  not  allowed  to  sell  their  property  to  Europeans  or  other  non- 
inhabitants;  a  measure  intended  to  protect  them  against  the  loss 
of  their  means  of  subsistence  by  the  allurement  of  money  advances. 
Sugar  cane  exhausts  the  fields  greatly,  and  only  once  in  three  years 
can  it  be  cultivated  on  the  same  land.  In  this  part  of  the  island, 
therefore,  60  000  acres  of  the  best  land  are  used  for  this  culture. 
The  cane  is  on  the  field  about  16  months,  and  though  it  requires 
only  one-third  as  much  water  as  rice,  it  must  have  this  water  at 
times  when  the  available  supply  is  scarce,  and  the  conflict  between 
the  interests  of  native  planters  of  second  crops  and  the  owners  of 


54  IRRIGATION    IN   JAVA. 

the  valuable  sugar  crop,  as  well  as  the  rivalry  between  adjoining 
undertakings,  gives  some  trouble,  and  requires  a  closer  supervision 
than  in  the  patriarchal  Indian  society  of  old.  While  this  question  will 
be  considered  in  another  paragraph,  it  is  proper  to  remark  at  this 
place  that  the  irrigation  of  the  fields  north  and  east  of  the  slope  of  the 
Tjermai  is  relatively  an  easy  matter  by  making  primitive  weirs  in 
the  rivers  running  down  from  that  mountain.  For  the  frontier  of 
Tegal  (Pekalongan),  however,  a  more  elaborate  head-work  was 
necessary  in  the  Losari  River  or  Tjisangaroeng  for  watering  the 
district  of  Losari.  This  head-work  was  completed  in  1882  after 
a  design  now  more  generally  adopted:  A  masonry  dam  with  a 
sloping  apron,  a  scouring  sluice  in  it  at  the  side  where  the  water 
is  taken,  and  a  regulating  sluice  or  intake  at  right  angles  with  the 
weir  at  the  mouth  of  the  canal.  This  weir  is  submerged  at  high 
water,  and,  as  its  height  is  only  3  or  4  ft.  and  the  depth  of  watei 
on  the  crest  may  be  three  or  four  times  as  much,  the  obstruction 
to  the  flow  of  the  river  is  unimportant.  The  openings  of  the  regu- 
lation inlet  are  small,  and  the  supply  is  controlled  by  sliding  gates 
worked  by  screws.  The  main  canal  has  a  capacity  of  300  cu.  ft. 
per  sec. 

PeJcalongan. — Passing  to  the  former  residency  of  Tegal,  a  center 
of  activity  in  irrigation  works,  combined  with  not  less  necessary 
drainage  works,  is  reached.  Omitting  the  latter,  attention  is  drawn 
to  the  Pamali  works  in  the  division  of  Brebes,  which  were  com- 
pleted only  recently.  The  head-work  on  the  Pamali  River  is  made 
at  Notok  (along  the  river  some  25  miles  from  the  sea).  The  main 
canal  follows  the  right  bank  and,  at  5  miles  below  the  weir,  is 
divided  into  a  branch  for  the  irrigation  of  the  grounds  on  the 
east  side  and  another  for  the  west,  which  is  carried  over  the  river 
at  Pontjol  in  a  splendid  iron  aqueduct.  The  masonry  weir  at 
Notok  (Fig.  2)  280  ft.  long,  with  three  scouring  sluices  of  4  ft.  has  a 
fall  of  16  ft.  at  low  water.  It  is  not  constructed  with  a  sloping  apron, 
but  with  a  vertical  fall  and  a  cistern  below  it,  in  order  to  break 
the  impetus  of  the  flow  on  a  water  cushion.  Fig.  2  is  an  example  of 
the  common  arrangement  of  the  head-works  constructed  in  later 
years.  The  head-sluice  of  the  canal  consists  of  a  series  of  narrow 
openings,  closed  with  timber  sliding  shutters,  while  a  scouring  sluice 
in  the  weir  can  be  opened  to  clear  the  silt  before  the  sluices  of  the 
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main  canal.  As  the  breadth  of  the  latter  is  less  than  that  of  the 
sluices  between  the  wing  walls,  these  gradually  converge  to  the 
bottom  width  of  the  canal.  The  scouring  sluices  are  separated  from 
the  weir  by  a  wall,  which  is  indicated  in  the  cross-section  (and  which, 
therefore,  is  reversed  from  left  to  right).  This  system  is  well 
adapted  to  rivers  which  do  not  carry  heavy  rubble  which  may  damage 
the  floor  of  the  cistern  below  the  water  cushion.  In  the  main  canal 
there  is  a  scouring  sluice  to  avoid  the  silting  up,  a  drawback  of 
Javanese  canals  to  which  attention  will  be  called  when  describing 
the  Demak  works. 

The  Pamali  works  are  completed  by  a  whole  net^vork  of  dis- 
tributaries and  drainage  canals,  and  iorm  a  design  for  which  much 
credit  is  due  to  the  engineers  who  constructed  it.  To  the  east  of 
the  Town  of  Tegal,  the  Waloe  works  deserve  attention,  as  far  as 
they  were  necessary  to  set  right  what  was  spoiled  by  native  practice. 
The  river  was  dammed  so  thoroughly  that  the  whole  supply 
passed  into  the  canals,  which,  though  badly  scoured  out  and  becom- 
ing less  fit  for  irrigation,  were  not  capacious  enough  to  convey 
properly  the  flow  during  high  water,  thus  causing  great  damage  to 
the  fields  by  overflowing.  This  work,  restoring  to  the  river  the 
task  of  carrying  the  surplus  water  to  the  sea  and  to  the  canals  the 
irrigation  water,  was  begun  with  the  head-work.  Afterward,  a  regular 
distributing  system  was  added.  More  to  the  east,  a  territory  hitherto 
totally  waste  for  want  of  water,  was  irrigated  from  the  Tjiomal,  in 
connection  with  other  minor  works,  which  need  not  be  described. 
A  description  of  the  difiicult  drainage  question  in  the  lowlands, 
between  the  Tjiomal  and  Seragi  Rivers,  is  also  omitted,  in  order 
to  give  a  glance  at  the  head-works  which  claim  attention  in  the 
adjoining  province. 

Samarang. — Samarang,  after  being  joined  with  Japara,  now  the 
greatest  province  of  Mid-Java,  contains,  east  of  the  capital,  the 
extensive  plain  of  Demak,  which  is  prolonged  south  of  the  isolated 
Mt.  Moeria,  by  the  Valley  of  the  Joana  River  and  forms  a  territory 
for  the  greater  part  lying  at  so  low  a  level  that  in  former  days 
frequent  disasters  from  inundation  took  place.  The  Toentang  to 
the  left,  the  Serang  to  the  east,  the  latter  partially  flowing  over  into 
the  basin  of  the  Joana,  were  wont  to  submerge  the  country  in  such 
a  way  that,  in  the  beginning  of  the  past  century,  Daendels  could 
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speak  of  the  inland  sea,  east  of  Samarang,  which  stretched  as  far 
as  the  middle  of  Japara.  When  he  wanted  to  construct  the  great 
post  road  running  the  length  of  Java,  this  tract  was  one  which 
gave  the  most  trouble,  and  in  order  to  serve  the  drainage  as  well 
as  the  communication  by  land  and  water,  a  canal  was  dug  from 
Demak  to  the  frontier  of  Japara,  uniting  the  two  rivers.  This 
canal  could  take  the  drainage  water  of  the  south,  and  the  excavated 
ground  was  useful  for  the  building  of  the  roadway.  In  the  parts 
which  did  not  lie  as  low  as  the  marshes  near  the  seacoast  and  part 
of  the  Joana  basin  (probably  an  old  sea  strait),  the  cultivation  of 
rice  has  been  practised  since  immemorial  times,  for  there  exists  a 
report  on  the  probable  causes  of  the  retrogression  of  the  rice  culture, 
dating  from  nearly  the  same  time  as  Daendels'  road  making,  proving 
that  the  crop  in  these  regions  was  then  as  precarious  as  it  was  in 
later  days,  while  occasional  mishaps  are  generally  ascribed  to  the 
bad  measures  of  the  Government.  Now,  for  this  region,  the  latter 
is  not  wholly  without  fault,  for,  in  1849,  in  the  time  of  the  culture 
system,  the  heavy  compulsory  labor,  and  unsuccessful  essays  with 
forced  tobacco  planting,  in  conjunction  with  bad  weather  and 
vexational  dealings  of  the  inland  chiefs  occasioned  a  famine 
which  was  unparalleled  in  Netherlands'  India  and  reminds  one  of 
the  famines  which  are  rife  in  British  India.  This  misfortune, 
causing  the  death  of  thousands  of  natives,  determined  the  Govern- 
ment to  constrvict  different  works  for  the  relief  of  the  country.  In 
half  a  year  50  000  000  cu.  ft.  of  ground  were  dug  for, drainage  canals 
to  the  sea,  and,  in  order  to  water  the  fields,  a  weir  in  the  Toentang 
River  was  begun,  by  which  two  great  irrigation  canals  could  be 
supplied. 

Fifty  years  ago  engineers  in  India  were  not  very  experienced 
in  this  kind  of  work,  and  the  weir,  being  a  slope  of  rubble  stonea 
put  in  quadrangular  spaces  of  masonry  walls,  proved  to  be  not 
sufficiently  strong  against  the  attacks  of  occasional  'Tjanyirs."  Fre- 
quently, the  stones  were  thrown  out,  the  toe  of  the  work  was  washed 
away  and  heavy  repairs  were  necessary  to  avoid  a  complete  rupture 
and  the  loss  of  the  water  level  necessary  to  feed  the  canal.  After 
frequent  reconstructions,  and  by  lengthening  the  rubble  apron  to 
a  great  extent,  the  work  was  made  safe  and  now  does  well.  In  the 
course  of  time,  however,  the  cultivated  area  extended.     The  supply 
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of  the  Toentang  was  not  sufficient  for  the  whole  area,  and  in  1873 
there  was  again  a  scarcity  which  made  one  fear  a  repetition  of  the 
famine  of  1849.  The  making  of  new  works  was  planned  and  more 
drainage  canals  were  begun,  while,  for  the  sake  of  giving  more 
certainty  for  the  crop,  a  weir  in  the  Serang  was  designed,  a  work 
formerly  deemed  impracticable.  This  river  is  subject  to  great  vari- 
ations of  flow.  In  the  dry  season  the  supply  of  some  of  its  tribu- 
taries, as  the  Loesi,  draining  the  plain  of  Grobogan,  dwindles  to 
nothing,  and  if  the  rains  are  heavy  a  flood  of  70  000  cu.  ft.  may 
occur.  This  splendid  head-work  was  ready  in  1889,  and  also  the 
greater  part  of  the  main  canals  and  minor  works,  the  cost  aggre- 
gating $2  000  000.  Since  that  time,  however,  different  accessory 
works  have  been  joined  to  it,  so  that  the  total  capital  outlay  may 
be  put  at  $3  500  000.  The  weir,  which  has  the  ogee  form,  lengthened 
by  a  rubble  apron,  has  no  scouring  sluices  to  get  rid  of  the  silt,  and 
the  crest  lies  some  18  ft.  above  the  lower  toe  of  the  apron.  In  order 
to  avoid  the  silting  up  of  the  sluice  gates  of  the  canal,  the  inlet 
was  put  at  a  distance  of  600  ft.  from  the  weir,  and  the  two  works 
were  joined  by  expensive  revetment  walls.  It  was  expected  that 
the  silt  would  gently  slope  up  against  the  crest  of  the  weir  and  that 
the  sluices  would  be  situated  outside  that  slope,  but  this  forecast 
has  not  been  realized,  and  the  mass  of  silt  which  enters  with  the 
canal  water  is  enormous.  In  order  to  avoid  the  gradual  decrease 
of  the  water  supply  by  the  narrowing  of  the  cross-section  of  the 
canal,  a  sluice  is  built  across  the  canal,  i  mile  from  the  entrance, 
with  an  adjoining  escape  to  the  river.  From  time  to  time  the 
sluice  is  shut  and  the  escape  opened,  and  in  the  canal  the 
deposited  silt  is  put  in  motion  by  a  pair  of  boats  furnished  with 
a  set  of  rakes  and  dropping  boards.* 

The  silt  clearing  in  this  manner  costs  0.1  guilder  per  cu.  m. 
($0.11  per  cu.  ft.). 

The  aggregate  supply  of  the  main  canals  derived  from  the  two 
rivers  is  scarcely  sufficient  to  give  a  thorough  watering  to  all  the 
rice  fields  now  under  cultivation.  This  has  led  to  a  system  of 
alternate  irrigation,  regarding  which  something  will  be  said  in 
a  following  paragraph. 

Another  peculiarity  of  the  Demak  works,  in  connection  with  the 

*Le  Genie  Civil,  March  2M.  1888. 
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interests  of  the  lowlands  at  the  other  side  of  the  Serang  River, 
is  the  general  system  of  river  dikes  introduced  in  this  region,  and 
which  formerly  overflowed  yearly.  Protected  by  these  dikes,  culti- 
vation is  practised  on  fields  formerly  submerged,  while  the  rivers, 
with  their  heavy  silt-laden  water  supply,  are  forced  into  narrow 
channels.  The  water  level  rises  higher,  the  bed  silts  up  and,  when 
the  dikes  are  no  longer  able  to  withstand  the  pressure,  their  break- 
ing is  disastrous  to  the  valuable  crops  or  the  skilful  network  of 
irrigation  canals. 

In  order  to  preserve  the  latter,  the  left  dikes  of  the  Serang  are 
always  made  stronger  than  the  right  ones,  and,  if  a  rupture  takes 
place,  the  water  must  run  down  the  valley  of  the  Joana  River, 
causing  protests  from  the  owners  of  the  sugar  cane  now  cultivated 
in  the  lowlands  which  were  marshes  before. 

Banjoemas. — Turning  to  the  south  coast  of  the  island,  the 
sparsely  inhabited  southern  Preanger  is  followed  by  jungles  in 
the  adjoining  province  of  Banjoemas,  and  only  in  the  valley  of  the 
Serayoe  are  found  the  ordinary  rice  fields,  drawing  water  as  far 
as  possible.  This  valley  is  separated  by  a  hill  range  from  an 
extensive  coast  plain  which  is  continiied  in  the  south  of  the 
residency,  Kedoe,  formerly  called  Bagelen.  Different  works  to 
ameliorate  the  irrigation  have  been  executed  in  later  times,  and, 
for  an  aggregate  area  of  226  000  acres,  according  to  the  last  avail- 
able report,  $Y50  000  were  spent.  Among  the  most  noteworthy  works 
are  those  which  form  the  Singomerto  compound. 

Kedoe. — The  southern  part  of  this  province,  formerly  called 
Bagelen,  is  classical  ground  for  irrigation,  because  the  extremely 
dense  population  made  it  necessary  to  make  the  most  of  the  great 
number  of  little  rivers  found  there. 

A  valuable  contribution  to  the  knowledge  of  this  country  was 
given  some  30  years  ago  by  an  estimable  officer  of  the  civil  service, 
since  deceased,*  and  it  would  be  desirable  if  more  exact  data  of 
this  kind  were  collected,  in  order  to  note  the  advance  of  the  country. 
In  1874  this  province  had  437  canals  for  distributing  river  water  on 
the  fields,  and  1 470  canals  drawing  water  from  sources.  The 
aggregate  length  of  these  canals  was  more  than  900  miles.  In  the 
dry  season  they  watered  22  000  acres,  and  in  the  wet  season  140  000 

*  Natuur-  en  Staathuishoudkundige  Atlas  der  residentie  Bag^elen,  door  Jhr.  J.  F.  W. 
van  der  Willige  von  Schmidt  auf  Altenstadt,  Controleur.    Leiden,  1874. 
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acres.  The  area  actually  irrigated  cannot  be  compared  with  this, 
because  in  the  last  colonial  report  the  figures  refer  to  the  new 
province  as  combined  with  Kedoe.  This  province  of  Bagelen  is 
densely  peopled :  In  1870  there  were  1  061  876  souls  and  in  1900 
this  was  increased  to  1  542  141,  or  an  increase  of  48%  in  30  years. 
The  population  per  square  mile  increased  from  777  to  1 181. 

The  figures  relative  to  cattle  are  not  as  favorable,  as  they  do  not 
indicate  a  similar  increase.  In  1874  there  were  8  784  horses,  93  008 
buffaloes  and  102  768  bullocks,  and  in  1900  these  figures  were  10  705, 
59  470  and  103  620,  respectively,  so  that  the  cattle  used  for  plowing 
had  decreased,  and  particularly  the  buffaloes.  The  cultivation 
of  the  swamps,  which  afford  less  fodder  in  the  dry  season,  may  be 
one  of  the  causes  of  this  decrease,  and  has  engaged  the  serious  atten- 
tion of  the  Government. 

The  northern  part  of  the  new  residency,  Kedoe  proper,  sur- 
rounded by  mountains,  with  the  twin  volcanoes,  Soembing  and 
Sindoro,  in  the  west,  and  the  other  twins,  Merapi  and  Merbaboe,  in 
the  east,  is  one  of  the  most  splendid  regions  of  the  whole  island, 
and  was  of  old  called  "the  garden  of  Java."  From  north  to  south 
it  is  traversed  by  the  Ello  and  Progo  Rivers,  which  unite  not  far 
from  the  Djokdjakarta  frontier,  and  these  rivers  give  an  ample 
supply  for  irrigation  canals,  partly  by  native  contrivances,  and 
partly  by  weirs  and  other  works  constructed  by  the  Government. 

Djokdjakarta  and  SoeraJcarta. — These  provinces,  also,  have  their 
own  native  irrigation  works,  but  these  are  not  under  the  direct  con- 
trol of  the  Government.  An  extensive  and  somewhat  hazardous 
scheme,  to  make  a  weir  in  the  Progo  and  dig  a  main  canal  in  a 
difficult  tract,  has  not  been  executed,  because  the  Sultan  of 
Djokdjakarta  could  not  guarantee  an  adequate  revenue  from  the 
native  fields,  and  the  European  land  holders  were  not  inclined  to 
pay  enough  for  the  water.  Where  the  capital  outlay  for  this  work 
was  great,  and  the  benefit  to  the  agriculturists  not  so  obvious,  there 
was  no  reason  for  the  Government  to  take  this  upon  itself  in  a 
native  principality,  while  its  own  provinces  were  still  in  need  of 
so  much. 

Bembang. — Returning  to  the  north  coast,  the  extensive  province 
of  Rembang  is  one  of  those  which  is  suffering  in  some  parts  from 
want  of  water  and  in  others  from  too  great  a  profusion  of  it.     It 
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is  traversed  by  the  Solo  Eiver,  which  afterward  flows  to  the  sea 
through  the  adjoining  part  of  Soerabaya,  formerly  in  a  direct  line 
into  the  strait  of  that  name,  opposite  the  Island  of  Madoera,  but 
since  1887  its  mouth  has  been  diverted  to  the  north,  in  order  to 
carry  its.  silt  to  the  Java  Sea,  according  to  a  theory  of  silt  deposit 
of  that  river  which  now  begins  to  be  recognized  as  erroneous. 

Ten  and  more  years  back,  that  theory  being  generally  adopted, 
a  cutting  of  the  Solo  from  Pelaugwot  through  the  hills  at  the  north 
of  the  valley  right  to  the  sea  coast  at  Sidayoelawas  was  deemed  a 
still  better  remedy  and  absolutely  necessary.  In  that  case  the  40 
miles  of  the  actual  lower  course  would  be  deprived  of  fresh  water 
and  a  scheme  of  a  large  irrigation  canal  for  the  whole  valley,  of 
some  100  miles  in  length  and  carrying  a  supply  of  nearly  8  000  cu. 
ft.  per  sec.  was  planned  and  actually  brought  into  execution.  The 
Solo  River  was  to  be  dammed  by  a  formidable  weir,  at  a  place 
called  Ngloewak.  The  crest  of  this  weir  would  be  some  40  ft. 
above  the  toe,  but  this  head-work  has  not  yet  been  seriously  begun. 
Afterward,  the  execution  of  the  scheme  proved  far  more  expensive 
than  was  foreseen  by  the  design,  as  the  weir  and  the  provisions  for 
cross-drainage  for  some  60  brooks  and  rivers  on  the  first  60  miles 
of  the  main  canal  would  offer  almost  insurmountable  difficulties. 
Again,  the  greater  part  of  the  fields  to  be  benefited  were  not  wastes, 
but  already  under  cultivation,  even  with  a  scanty  water  supply 
from  sources,  tanks  and  minor  works,  but  all  these  would  have  to 
be  sacrificed  to  the  great  canal  scheme.  The  failure  of  one  of  the 
great  aqueducts  or  of  one  of  the  displaced  watercourses  would  cause 
the  nearly  irremediable  subsiding  of  the  flow  of  the  main  canal,  and 
this  danger  was  greater  than  that  of  starving  the  crop  by  drought 
under  the  actual  circumstances.  An  expensive  silt  clearing  in  the 
main  canal  could  be  foretold.  All  these  different  technical  draw- 
backs were  sufficient  reason  to  renounce  the  plan,  but  the  worst  was 
that  no  adequate  increase  of  the  crop  could  be  expected  in  order 
to  repay  in  any  direct  or  indirect  way  the  enormous  outlay.  Finan- 
cially speaking,  the  scheme  proved  a  failure  and  was  stopped,  much 
to  the  regret  of  its  former  fervid  advocates,  but  there  is  no  doubt 
that  it  was  a  wise  decision. 

Although  the  scanty  water  supply  of  the  rice  fields  in  Rembang 
in  most  places  is  not  to  be  remedied,  in  the  lower  part  of  the  Solo 
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Valley,  lying  in  the  province  of  Soerabaya,  storage  works  of  rain 
water,  and  particularly  a  better  drainage  of  the  low  lying  grounds, 
could  still  be  executed  to  the  benefit  of  that  culture.  On  the  other 
hand,  the  richness  of  Rembang  lies  in  its  forests  and  sources  of 
kerosene  oil.  It  is  now  connected  by  tramways  with  the  harbors 
of  Samarang  and  Soerabaya,  and  there  are  good  expectations  for 
the  future,  as  regards  its  timber  and  industrial  resources. 

Soerabaya. — Although  the  lowlands  of  the  northern  and  western 
parts  of  Soerabaya  are  subject  to  heavy  inundation  from  the  Solo, 
and  from  the  rain  running  down  the  adjacent  hills — and  the  pre- 
carious situation  of  the  fields,  which  sometimes  give  a  luxuriant 
crop  and  sometimes  fail,  cannot  be  remedied  altogether — the  south- 
ern districts  have  to  cope  with  the  "banyirs"  of  the  Brantas  basin; 
but  the  grounds,  especially  the  delta  of  Sidoardjo  between  the  two 
branches  into  which  the  river  divides  at  Lengkong,  are  in  a  much 
better  condition.  This  is  evident  from  the  great  many  sugar  manu- 
factories found  in  this  part  of  the  residency,  viz.,  37,  with  nearly 
58  000  acres  under  cultivation.* 

The  delta  of  Sidoardjo,  where  alone  a  dozen  sugar  factories  are 
working,  derives  its  prosperity  from  one  of  the  oldest  of  the  great 
irrigation  works  constructed  by  the  Government  nearly  half  a  cen- 
tury ago  in  order  to  remedy  the  dangerous  condition  into  which  the 
Brantas  and  its  affluents  were  brought  by  native  weirs  and  water- 
courses dug  without  any  system  or  regard  to  the  interests  of  others. 
The  high-water  supply  of  the  rivers  enclosed  between  dikes  did  not 
allow  of  a  permanent  weir,  and  therefore  a  movable  dam  of  very 
peculiar  device  was  planned  and  executed  in  1857.  The  work  is 
built  on  such  bad  ground  that  the  whole  construction  had  to  be 
founded  on  piles. 

In  general,  the  work  consists  of  two  abutments  and  nine  inter- 
mediate piers.  The  left  abutment  is  prolonged  at  right  angles 
to  the  work  and  has  two  sluices  at  some  distance  from  each  other, 
each  with  three  openings  shut  by  wooden  sliding  gates. 

The  clear  distance  between  the  abutments  is  402  ft.,  divided 
by  nine  piers  of  8.2  ft.  thickness  into  ten  openings  of  32.8  ft.  clear 
space,  in  which  ship-gates  of  a  special  sort  are  sunk  and  rest  in 


*  In  the  whole  island  of  Java  there  are  188  sugar  manufactories,  which  occupy 
232  000  acres  of  cane  fields.  Of  these.  3S  mills  also  buy  sugar  cane  from  the  natives. 
The  general  product  is  14  500  000  picols,  or  some  900  000  tons  of  sugar. 
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iron  grooves.  The  piers,  in  the  direction  of  the  river,  have  a  length 
of  41  ft.,  and  the  floating  ship-gates,  which  can  be  lowered  by  par- 
tially filling  them  with  water,  are  sunk  against  the  gTooves  near 
the  up-stream  end.  Formerly,  the  design  was  to  put  them  between 
the  piers  against  grooves,  anchored  in  the  down-stream  pier  heads; 
but  that  system  was  abandoned  because  it  was  difficult  in  practice, 
the  down-stream  grooves  being  now  reserved  for  the  sinking  of 
sleepers  when  the  openings  have  to  be  shut  while  a  ship-gate  is  in 
repair,  or  when  it  is  wanted  to  give  back-water  to  the  gates.  The 
water  is  dammed  to  12.5  ft.  above  the  floor.  In  the  dry  season 
all  leakage  is  prevented  by  carefully  stanching  the  fissures  with 
dry  leaves  and  other  stuff,  in  order  that  no  water  may  be  lost;  but 
in  the  rainy  season  the  gates  are  lifted  and  afterward  floated  to  a 
harbor  out  of  the  way.  This  takes  place  when  the  discharge  of 
the  river  is  great.  In  fact,  at  the  highest  floods  the  piers  are  sub- 
merged to  a  depth  of  4.5  ft.  and  the  abutments  are  only  about  1.5 
ft.  above  the  water  level.  In  that  case  the  ship-gates  would  float 
out  of  the  grooves,  and  it  is  necessary  to  remove  them  in  time. 

The  water  of  the  Brantas  carries  a  sharp  silt,  consisting  partly 
of  sand,  and,  in  the  long  run  this  makes  grooves  in  the  strongest 
material.  The  floor  between  the  piers  and  the  apron,  over  a  dis- 
tance of  28  ft.,  consisted  of  timber,  bolted  to  the  woodwork  of  the 
pile  foundation,  but  between  the  piers  below  the  gates  the  attack 
of  the  water  was  so  severe  that  frequent  repairs  were  necessary,  and, 
from  1863  to  1876,  from  6  to  19  years  after  the  completion  of  the 
works,  the  wooden  floor  was  protected  by  fastening  heavy  cast-iron 
plates  upon  it,  with  long  screw-bolts,  sunk  in  the  sleepers.  The 
heads  of  the  bolts  were  afterward  chiselled  off,  to  get  a  smooth 
surface. 

The  ship-gates  are  of  wrought-iron  plates  on  a  framework,  and 
when  empty,  float  with  a  draft  of  2.5  ft.  When  the  weir  is  to  be 
shut,  the  ship-gates,  five  of  which  are  Ij^ing  on  each  side  near  the 
up-stream  banks  of  the  river,  are  guided  to  place  by  hawsers  slung 
around  bollards  fixed  on  the  tops  of  the  piers  and  abutments. 
When  one  side  of  the  door  is  abutting  the  pier  head,  it  glides  to 
the  groove  on  one  side  of  the  opening  and  the  force  of  the  current 
makes  it  pivot  around  this  point,  thus  bringing  it  in  contact  with 
the  other  side.     By  lotting  in  the  water  the  doors  are  lowered  on 
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the  sills.  The  ship-gates  have  worked  M-ell,  and,  though  the  handling 
needs  more  people  than  would  be  feasible  where  labor  is  dear,  and 
precautions  must  be  taken  in  beginning  the  lifting  of  the  doors  by 
pumping,  by  driving  wooden  wedges  between  the  door  and  the 
grooves,  in  order  to  avoid  a  sudden  shock  at  rising,  when  the  buoy- 
ancy begins  to  exceed  the  friction,  they  have  the  sanction  of  nearly 
half  a  century  of  good  practice,  and  the  whole  work  is  much  to  the 
credit  of  the  late  Mr.  H.  de  Bruyn,  the  engineer,  afterwards  Director 
of  Public  Works,  who  constructed  it. 

The  two  regulation  sluices,  lying  near  one  another  on  the  left 
side  of  the  river,  give  access  to  two  different  main  canals,  one  of 
which  already  existed  as  an  uncontrolled  river.  The  subdivision 
of  the  water  in  a  regular  network  of  distributaries  was  not  planned 
at  the  time,  and  much  was  left  to  local  circumstances.  From  this 
point  of  view,  improvements  are  still  to  be  made.  The  Mangettan 
canal  had  formerly  a  supply  of  from  600  to  800  cu.  ft.  per  sec.  for 
more  than  36  000  acres,  and  the  Porrong  canal  a  little  less  for  21  000 
acres.  When  the  supply  of  the  river  was  tolerably  sufficient,  this 
discrepancy  was  not  severely  felt,  but  in  later  years  the  distribution 
of  water  mvist  be  made  more  in  proportion  to  the  needs,  for  in 
the  upper  course  of  the  Brantas  more  use  is  made  of  the  water, 
especially  in  the  province  of  Kediri. 

Kediri. — The  province  of  Kediri  must  be  considered  with  refer- 
ence to  the  districts  of  Waroedjayeng  and  Kertosono,  on  the  left 
bank  of  the  Brantas.  Formerly,  these  districts  were  generally 
waste,  but  now  the  rice  fields  require  water  over  an  extent  of  43  000 
acres.  In  1901  the  building  of  a  regulating  head  for  the  main 
canal,  taking  water  from  the  Brantas,  was  granted  at  Mritjan,  at 
an  outlay  of  $52  000.  The  digging  of  this  canal  and  its  distribu- 
taries has  been  begun.  The  regulator  cannot  take  water  if  the 
river  is  below  a  certain  level,  in  order  not  to  interfere  with  the 
interests  of  agriculture  and  sugar  planting  down  stream,  but  here 
is  a  new  instance  of  how,  in  the  long  run,  the  interests  of  the 
culture  in  the  upper  and  lower  regions  are  gradually  interfering, 
in  connection  with  the  growing  population. 

Madioen. — This  province,  between  Kediri  and  the  principality 
of  Soerakarta,  is  enclosed  by  mountains,  and  the  hilly  Patjitan 
division  stretches  to  the  south  coast.     In  the  river  plains  there  is 
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generally  sufficient  water  available  from  the  affluents  of  the  Madioen 
River,  which,  at  ISTgawi,  unites  with  the  Solo,  now  breaking  through 
the  hills  in  the  valley  of  that  river  already  described,  but  in  pre- 
historic times,  when  the  eruptive  products  of  the  Willis  volcano 
had  not  yet  advanced  as  far  to  the  north,  it  is  very  probable  that 
these  combined  waters*  found  their  way  directly  to  the  Brantas 
Valley  and  thence  to  Madoera  Strait,  the  northern  valley  being 
a  sea  gulf.  Works  of  great  engineering  skill  are  not  to  be  found 
in  Madioen,  but  in  the  divisions  of  Magetan  and  Ngawi  much 
money  is  spent  in  improving  the  distribution  of  the  water,  which 
must  serve  for  an  aggregate  area  of  84  000  acres.  Here,  as  well 
as  in  Kediri,  are  also  different  sugar  factories. 

Pasoeroean. — Pasoeroean  is  now  combined  with  Probolinggo,  and 
adjoins  the  southeast  of  Soerabaya  and  for  some  13  miles  the 
Porrong  River.  The  latter  is  the  southern  branch  of  the  Brantas 
below  the  movable  weir  of  Lengkong,  and  is  the  frontier  between 
both  provinces.  Just  to  the  south  of  that  river  there  is  an  irrigated 
tract,  called  the  Pategoewan  works,  which  has  an  area  of  11  200 
acres,  and  may  be  considered  as  a  model  of  the  more  modern 
arrangement  of  a  well-considered  distributing  system,  with  all  the 
works  necessary  for  the  proper  maintenance  of  the  canals  and  the 
division  of  the  water  according  to  the  area  for  which  it  is  intended. 
It  is  said  that,  from  this  point  of  view,  the  arrangements  are  to  be 
considered  as  a  limit,  and  that  afterward,  as  to  dimension  of  regu- 
lators and  watercourses,  no  works  of  as  much  detail  will  be  con- 
structed. 

In  the  other  parts  of  this  province,  which  are  at  the  west  side 
of  the  mountain  range  of  which  the  Bromo  and  Smeroe  are  notable 
features,  the  works  consist  generally  of  canals  of  minor  importance, 
where  the  aid  of  the  Government  is  necessary  only  from  time  to 
time  to  overcome  extraordinary  technical  difficulties,  as,  for  instance, 
in  the  Molek  Canal,  a  large  aqueduct  to  pass  a  deep  valley,  by 
which  the  area  under  irrigation  could  be  extended,  and  the  con- 
struction of  regular  head-works  and  other  accessories  was  justified. 

Passing  to  the  eastern  part  of  Pasoeroean,  on  the  frontier  with 
Besoeki,  another  great  irrigation  work  is  to  be  noted,  the  Pekalen 

*  It  was  in  this  region  that  Professor  Dubois  found  the  bones  of  the  prehistoric  man, 
Pithecuntropus  Erectus. 
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works,  a  territory  in  the  Gending  and  Padjarakan  districts*  having 
a  gToss  area  of  17  000  acres,  of  which  18%  will  eventually  be 
planted  with  sugar  cane.  The  main  canal  runs  parallel  to  the  sea 
coast  at  a  distance  of  some  6  or  7  miles,  and  the  tract  between 
those  limits  is  divided  into  thirteen  sections,  each  provided  with 
a  main  distributary  and  the  necessary  drainage  canals,  so  that  the 
details  of  the  distribution  and  drainage  can  be  regulated.  As  the 
Pekalen  River  is  a  powerful  stream  in  the  wet  season,  and  the 
branches  and  watercourses  were  injured  bj  native  dams,  the  head- 
work  and  the  proper  separation  of  irrigation  and  drainage  canals 
gave  much  trouble,  and  the  capital  outlay  for  the  whole  scheme 
amounted  to  $435  000.  The  principal  works  and  main  canals  are 
estimated  to  have  cost  $18  per  irrigated  acre,  and  the  minor  works 
of  distribution  $7.75  per  acre. 

In  order  to  make  a  proper  comparison  with  other  works,  it  is 
noted  that  $170  000  of  the  outlay  were  necessary  for  ameliorating 
the  already  existing  irrigation,  and  that  where  the  land  tax  was 
increased,  this  increase  had  to  be  considered  as  the  revenue  of  the 
balance  of  $265  000,  used  for  extending  the  irrigated  area  and 
improving  the  distribution.  This  was  at  the  time  calculated  at 
6.5%,  not  including  the  indirect  revenues  or  advantages  due  to 
the  work.  It  is  worth  noting  this  figure,  as  in  most  cases  it  is 
difficult  to  ascertain  the  direct  advantage  of  irrigation  works  in 
Java,  because  no  separate  water  rate  is  raised,  and  the  land  tax 
is  not  always  increased  in  the  tract  benefited,  because,  formerly,  it 
was  too  heavy. 

Besoeki. — This  great  province  which,  including  Banjoewangi, 
forms  the  eastern  part  of  Java,  is  a  country  where  the  high  moun- 
tain territory  of  the  Jang  plateau  and  the  Raoeng  were  visited  so 
seldom,  that  half  a  century  ago  some  parts  were  still  marked  on 
the  maps  as  unexplored.  Only  the  seacoast  near  Sitoebondo  and 
along  the  Strait  of  Bali  were  cultivated,  but  the  road  between 
Sitoebondo  and  Banjoewangi  led  through  mere  uninhabited  jungles. 
At  Sitoebondo,  however,  an  irrigation  work  of  ancient  date  is  to 
be  found,  viz.,  a  permanent  weir  in  the  Sampeyan  River,  As  far 
back  as  1820  it  is  noted  that  this  river  was  dammed  1.5  miles 
below  Sitoebondo,  and  in  1832,  nearer  to  it,  was  made  a  more  per- 

»A  complete  description,  by  the  engineer  who  executed  this  work,  Mr.  A.  G. 
Lamminga,  is  found  in  the  Tijdschrift  van  het  Kon.  Instituut  van  Ingemenis,  1894- 
1895,  p.  93  et  seq. 
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Fig.  1.— Movable  Wkir  at  Leng  Kong.    Ship-Gate  Being  Brought  into  Position. 


Fig.  2.— Movable  Weir  at  Leng  Kong.    Ship-Gates  Floating. 
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manent  weir,  consisting  of  a  sort  of  framework  of  timber  sleepers 
filled  with  stones.  This  work,  being  a  dam  150  ft.  long,  75  ft. 
broad  at  the  lower  part,  and  with  a  crest  of  30  ft.,  had  a  height 
of  26  ft.  It  served  for  about  18  years,  but  then  the  woodwork 
was  so  decayed  that  another  construction  was  thought  advisable, 
because  the  necessary  teakwood  timber  could  be  collected  only  with 
great  difficulty  in  these  regions.  The  further  history  of  the  work 
is  very  instructive,  as  to  the  force  of  the  water  and  the  small  reli- 
ance that  can  be  placed  on  seemingly  rocky  ground,  here  called 
"wadas."  The  weir  with  sloping  apron,  which  was  constructed, 
proved  to  be  a  failure,  and  the  system  had  to  be  totally  revised, 
before  preventing  wholly  the  danger  of  scouring  away  entirely  the 
freqiTently  damaged  weir.  This  was  done  by  making  a  long  escape 
canal,  which  brought  the  high  supply  of  the  river  in  a  great  compass 
around  the  work.  In  later  times  the  regulators  and  minor  works, 
the  canals  and  distributaries,  were  reconstructed,  improved  and 
enlarged.  An  irrigated  area  of  26  000  acres  has  required  in  after 
years  a  capital  outlay  of  $386  000,  the  works  being  not  yet  wholly 
completed. 

The  growing  population  and  the  increasing  culture  of  formerly 
waste  land  will  induce  the  Government  to  construct  more  works 
in  this  province,  in  order  to  make  the  water  of  the  different  rivers 
available  for  the  fields.  In  this  line,  surveys  are  begun  in  the 
southern  division  of  Djember  and  in  after  years  the  country  to  the 
eastward  will  perhaps  also  claim  the  aid  of  the  Government.  In 
the  province  of  Besoeki  there  is  a  striking  example  of  the  benefit 
of  railways  in  a  country  otherwise  not  easy  to  be  reached.  It  was 
in  the  beginning  of  1903  that  the  last  link  of  the  great  trunk  line 
over  Java  from  Anjer  to  Banjoewangie  was  made  by  the  completion 
of  the  Kalisat-Banjoewangie  line,  a  54-mile  section  which  runs 
for  26  miles  through  the  primitive  forest  to  the  south  of  the  Raoen 
Mountains.  After  the  opening  of  this  line  it  was  remarkable  to 
see  how  quickly  the  forest  began  to  be  cleared  and  cultivation  by 
emigrants  from  other  parts  of  the  island  was  introduced.  Without 
constraint,  a  new  way  has  been  opened  here  for  the  subsistence  of 
that  surplus  of  population,  which  is  increasing  at  such  a  rate,  under 
the  peaceful  and  regular  rule  of  the  Dutch  Government,  that  ner- 
vous observers   are  disposed  to  predict  that   Java   is  being  ruined 
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by  over-population.  Where  tracts  like  these  and  other  extensive 
portions  of  the  south  of  the  island  are  still  available,  the  dark 
prognostics  of  these  melancholy  prophets  may  be  left  unheeded 
for  a  long  time. 

VI.     The  Supervision  of  Irrigation. 

Formerly,  the  supervision  of  the  distribution  of  the  water  be- 
tween the  fields  was  almost  entirely  an  affair  of  village  policy,  and 
where  the  interests  of  whole  tracts  or  districts  conflicted,  the  higher 
native  oiEcers  or  chiefs  arranged  the  matter.  In  the  days  of  the 
culture  system,  when  water  was  wanted  for  the  sugar  cane  and 
other  Government  crops,  the  influence  of  the  European  and  native 
officers  in  this  matter  greatly  increased,  and  later,  with  the  grow- 
ing area  under  cultivation,  the  increasing  want  of  water  made  their 
intervention  still  more  necessary.  When  extensive  irrigation  works 
were  made  under  Government  control,  at  first  by  compulsory  and 
afterward  by  paid  labor,  that  influence  did  not  diminish,  and  the 
native  regents,  in  their  care  for  the  well-being  of  their  subjects  have 
always  shown  a  great  interest  in  this  branch. 

In  every  district,  a  native  supervisor,  called  "mantri-oeloe- 
oeloe,"  was  the  surveyor  and  mouth  piece  for  the  orders  issued  by 
the  native  officers.  That  the  distribution  between  the  cultivators 
did  not  always  take  place  with  the  utmost  impartiality,  may  be 
expected  by  those  who  understand  something  of  the  petty  intrigues 
which  are  rife  in  a  native  society  and  are  aware  of  the  pressure 
which  the  more  powerful  can  inflict  on  the  weaker  members  of  the 
community;  but  it  could  not  be  deemed  the  task  of  the  Government 
to  interfere  in  such  details.  Affairs  began  to  change  seriously, 
however,  when  the  industry  of  Europeans  spread  over  the  most 
fertile  parts  of  the  island,  and  when  the  interests  of  the  scanty 
second  crop  of  the  little  peasant  came  in  conflict  with  that  of  the 
cane  fields  of  the  great  cultivators,  or  when  these  came  in  conflict 
with  each  other  in  reference  to  the  rights  to  the  water. 

It  is  known*  that  in  Java  the  rights  in  cultivated  grounds  can- 
not be  transferred  permanently  to  non-natives,  and  that  the  sugar 
mills  must  hire  the  necessary  fields  on  short  terms.  They  are 
understood  to  hire  at  the  same  time  the  rights  of  the  field  to  the 
use  of  the  water.     For  the  sake  of  more  regular  planting,  the  aid 

*  Day,  p.  373. 
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of  the  villag-e  heads  is  secured  to  get  the  necessary  fields  in  great 
compounds,  and,  when  drought  is  to  be  feared,  the  standing  of  the 
temporary  owner  of  the  cane  fields  is  much  stronger  than  that  of 
the  simple  native  cultivator  in  his  neighborhood.  The  arrangement 
is  made  that  the  former  shall  take  the  water  by  daylight,  the  latter 
at  night.  That  in  such  cases  the  former  portion  is  the  better  is  to 
be  understood,  and,  when  the  values  of  the  crops  are  compared, 
this  is  not  wholly  unjust.  It  is  not  impossible,  however,  that  the 
native  cultivators  are  less  fairly  treated.  On  the  other  hand,  the 
stealing  of  water  and  the  consequent  strife  between  adjacent  dis- 
tricts was  not  avoided,  so  that  a  more  regular  management  of  the 
irrigation  in  the  most  densely  cultivated  and  peopled  tracts  began 
to  be  a  matter  which,  more  and  more,  attracted  the  attention  of 
engineers  and  officers  of  the  civil  service,  just  as  in  a  railway  the 
care  for  proper  operation  comes  to  the  front  when  the  construction 
of  the  line  is  nearly  completed. 

The  public  works,  including  railways,  telegraphs,  postal  com- 
munication, etc.,  of  the  whole  archipelago  are  brought  under  a 
single  department,  that  of  Public  Works.  The  section  which  more 
especially  has  the  care  of  public  buildings,  highway  roads,  harbors, 
canals  and  irrigation  works,  consists  of  an  establishment  of  66  civil 
engineers  of  different  ranks,  who  have  all  passed  their  examinations 
at  the  Polytechnic  School  in  Delft,  and  a  subordinate  staff  of  195 
persons,  called  "opzichters,"  who  pass  a  simpler  examination  divided 
into  two  grades.  Those  who  have  passed  the  examinations  of  the 
second  and  more  difficult  grade,  in  which  practical  knowledge  is 
an  important  factor,  are  eligible  to  a  higher  grade,  in  which  23 
places  are  available,  with  the  ornamental  title  of  "architect." 

The  bulk  of  common  works,  buildings,  bridges,  etc.,  in  each 
province  is  supervised  as  Local  Works  under  the  direct  orders  of  the 
"Resident"  or  Government  commissioner.  He  is  the  head  of  the 
provincial  "waterstaat,"  and  has  some  officers  of  the  "waterstaat" 
corps  at  his  command  to  guide  the  work.  This  work  is  divided 
into  "ordinary  maintenance,"  "heavy  repairs"  and  (entirely)  "new 
works"  of  local  interest.  On  the  Island  of  Java,  only  six  of  the 
provinces  have  engineers  employed  in  this  local  service,  the  first 
officer  in  the  other  cases  being  an  "architect,"  aided  by  some 
"opzichters,"  generally  one  in  each  division. 

The  general  "waterstaat"  service  in   Java  is   divided   into   five 
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sections.  At  their  head  there  is  a  Chief  Engineer  who,  in  the  first 
place,  inspects  and  controls  the  local  public  works  in  the  provinces 
in  his  division.  Next  to  this,  he  has  the  supervision  and  execution 
of  public  works  which  are  deemed  of  more  general  interest  and 
which  are  so  extensive  or  difficult  that  execution  under  the  direct 
management  of  one  or  more  engineers  is  necessary.  Also,  the 
designing  of  new  works,  the  necessary  surveying,  and  the  prepara- 
tion of  the  plans  are  under  his  guidance,  and  he  is  frequently  con- 
sulted by  the  Residents  and  the  Director  of  the  Department,  at 
Batavia. 

According  to  the  last  official  report,  and  deducting  4  engineers 
and  41  subordinates,  who  are  employed  in  the  outer  possessions,  and 
also  deducting  some  vacant  places,  the  staff  of  Java  consisted  of 
60  engineers  and  151  subordinates,  of  whom  6  engineers  and  3 
subordinates  were  at  the  head  office  at  Batavia,  11  engineers  and 
98  subordinates  were  in  the  local  public  works,  and  43  engineers 
and  50  subordinates  were  in  the  general  service.  Omitting  some 
officers,  who  are  employed  on  special  tasks,  above  the  ordinary 
establishment,  from  the  engineers  and  subordinates  of  the  general 
service,  9  and  21,  respectively,  are  to  be  deducted  who  do  not  serve 
directly  under  the  orders  of  the  Chief  Engineers  in  general  seiwice, 
but  in  the  irrigation  circles  created  afterward. 

While  the  preparation  of  the  projects  of  the  greater  irrigation 
works  and  their  execution  takes  place  under  the  control  and  super- 
vision of  the  Chief  Engineer,  who  is  the  head  of  the  public  works 
division,  the  closer  management  of  the  available  water  supplies 
suggested  the  idea  of  dividing  Java  into  fourteen  irrigation  circles, 
each  of  which  would  contain  the  entire  catchment  basin  of  one  or 
more  rivers,  without  heeding  the  political  frontiers  of  the  provinces. 
An  engineer  who,  with  a  proper  staff,  could  be  placed  at  the  head 
of  such  a  circle  would  be  the  natural  adviser  of  the  Residents  and 
their  officers  of  the  civil  service  in  those  provinces,  of  which  parts 
were  included  in  the  circle.  In  technical  questions,  a  direct  com- 
mimication  between  the  Director  and  the  irrigation  engineers  was 
allowed. 

When  the  provincial  administration  is  taken  into  account,  as 
ably  described  in  the  work  of  Mr.  Day,*  where  the  Resident  is  the 

*  Day,  p.  417  et  seq. 
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great  center  of  the  administration,  it  is  obvious  that  the  new  wheel 
which  was  to  be  introduced  into  the  machinery  was  to  be  managed 
with  great  care,  and  it  was  for  different  reasons  that  the  experiment 
at  first  was  only  made  with  three  of  the  circles,  where  the  circum- 
stances made  it  most  needed. 

These  circles  are: 

1. — The  Serayoe,  in  tlie  provinces  of  Banjoemas  and  Kedoe 
(formerly  Bagelen)  ; 

2. — The  Brantas,  spreading  partly  over  the  provinces  of  Soera- 
baya,  Kediri  and  Pasoeroean; 

3. — The  Serang,  being  the  basins  of  the  Serang,  Toentang  and 
adjoining  minor  rivers  in  Samarang  and  a  small  part  of  Rembang. 

The  Irrigation  Circle  of  the  Serayoe. — This  circle  was  at  first 
established  as  an  experiment  in  1888,  but  after  remodelling  the  con- 
struction it  was  made  permanent  in  1892.  Attention  was  probably 
drawn  to  this  part  of  Java,  because  the  irrigation  from  the  Singo- 
merto  main  canal,  which  took  water  out  of  the  Serayoe  near  the 
eastern  frontier  of  Banjoemas,  led  to  the  construction  of  distribu- 
taries with  several  falls,  escapes,  aqueducts,  and  other  works,  while 
canals  from  other  rivers  intermingled  with  them.  When,  after 
much  trouble,  the  system  was  made  tolerably  complete,  it  was  seen 
that  no  arbitrary  construction  of  dams  by  natives,  or  drawing  of 
water  at  the  wrong  places,  could  be  tolerated;  and,  where  at  first 
only  the  achievement  of  an  irrigation  work  was  contemplated,  it  was 
observed,  as  in  other  cases,  that  the  work  once  attained  could  not 
stop  at  that,  and  that  its  advantages  would  be  lost  if  there  were 
no  supervision.     It  was  decreed,  therefore: 

"That  within  the  said  irrigation  circle  the  maintenance  of  the 
distributaries  and  their  works  of  art,  as  well  as  the  distribution  of 
the  water  from  the  canals,  as  far  as  this,  according  to  the  officers 
of  the  civil  service,  could  not  be  left  to  the  care  of  the  villages, 
should  come  under  the  daily  management  and  supervision  of  an 
engineer  of  the  first  or  second  grade,  who  will  in  all  matters  of 
irrigation  be  subordinate  to  the  orders  of  the  Resident  of  the 
involved  province." 

The  delicate  relation  between  the  engineer,  head  of  the  irriga- 
tion circle,  and  the  Resident,  was  arranged  in  detail  by  a  written 
order  which  has  proved  a  successful  solution. 

The  Irrigation  Circle  Brantas. — This  circle  was  established  in 
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1892  as  an  experiment,  after  the  model  of  the  former,  but  its  scope 
is  much  hirger,  and  a  great  many  interests  of  European  manufac- 
turers are  here  involved.  The  gross  area  is  not  less  than  6  000 
sq.  miles,  and  that  of  the  cultivated  fields  850  000  acres,  while  81 
of  the  188  sugar  mills  and  22  of  the  46  indigo  factories  lie  within 
its  limits.  It  was  necessary  for  the  engineer  who  first  took  the 
management  in  hand  to  use  a  great  deal  of  diplomacy  in  order  to 
reconcile  adverse  interests  and  obtain  effective  results.  In  studying 
the  works  in  detail,  it  was  found  that  a  great  many  improvements 
could  be  planned  and  executed  and,  what  was  of  the  greatest  value, 
the  irrigation  canals  were  thoroughly  surveyed  and  comprehensive 
maps  on  a  large  scale  were  made.  These  maps,  of  which  copies  are 
at  the  disposal  of  certain  buyers,  were  much  appreciated  by  the 
great  manufacturers,  who  now  could  make  out  how,  where  and  when 
the  water  for  their  crops  was  to  be  had. 

A  large  staff,  especially  of  native  officers,  was  necessary  for  the 
improvement  of  the  canals  and  other  works,  the  making  of  the 
maps  and  the  distribution  of  the  water,  but  the  importance  of  this 
was  realized  to  such  an  extent,  that  since  then  the  owners  of  fac- 
tories have  offered  a  large  yearly  sum  to  contribute  to  the  efficient 
working  of  the  system.  Nevertheless,  the  expenses  of  this  irrigation 
circle  are  not  inconsiderable,  and  this,  perhaps,  prevented  the 
Government  from  making  the  arrangement  permanent.  It  was 
only  in  1901*  that  this  circle  was  put  on  the  same  permanent  foot- 
ing as  that  of  the  Serayoe.  The  European  staff  consists  of  6  engi- 
neers of  different  grades  and  15  "opzichters,"  whose  aggregate  pay 
and  indemnity  for  traveling  and  other  expenses  are  to  be  reckoned 
at  $35  000  a  year.  Again,  there  are  about  $15  000  for  the  service 
of  the  Lengkong  works  and  30  native  officers  will  aid  in  the  water 
distribution,  the  number  of  which  will  be  gradually  increased  by 
5  a  year,  until  the  limit  of  50  is  reached.  Their  aggregate  pay  will 
be  $13  320  a  year  as  a  maximum.  For  the  ordinary  maintenance 
of  the  works  (repairs  and  new  works  excluded)  is  provided  a  sum 
of  about  $2t000,  in  addition  to  the  compulsory  labor  ("heeren- 
dienst")  of  985  000  day-tasks.  Moreover,  the  factories  pay  volun- 
tarily 34.5  cents  per  acre  of  cultivated  area.  A  recent  proposition 
to   make  this   contribution   coercive   meets   much   opposition.     The 


*  State  paper  No.  79,  of  IflOl. 
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figgregate  ordinary  Government  expense  of  more  than  $80  000  must 
be  considered  as  a  yearly  contribution  to  the  general  welfare  of  the 
country. 

The  Irrigation  Circle  of  the  Serang. — The  third  irrigation  circle, 
including  especially  the  Demak  water-works,  is  still  in  the  period 
of  experiment,  and  is  an  instance  of  a  specific  dealing  with  irriga- 
tion interests,  which  originated  in  the  peculiar  character  of  the 
country  and  the  people.  In  this  circle  are  also  included  some 
tracts  in  the  former  province  of  Japara,  where  sugar  factories  made 
European  supervision  desirable,  but  the  principal  section  of  the 
circle,  the  plain  of  Demak,  has  no  such  industries.  In  this  circle 
is  found  an  example  of  the  intermeddling  of  the  officers,  European 
and  native,  with  the  methods  of  cultivation  used  by  small  peasants, 
which  makes  it  doubtful  whether  the  best  way  has  been  chosen. 

In  the  former  paragraph  it  has  been  mentioned  that  the  available 
water  supply  is  but  scanty  in  comparison  with  the  cultivated  area. 
In  order  to  make  the  distribution  as  just  as  possible,  a  very  minute 
plan  of  "irrigation  by  turns"  has  been  devised,  and  this,  in  the 
native  language,  is  designated  by  the  name  of  "golongan"  system. 
In  this  system  the  fields  are  divided  into  four,  five  or  six  classes; 
those  of  the  second  class  get  the  water  a  week  later  than  those  of 
the  first;  those  of  the  third  a  fortnight  later,  and  so  on. 

If  the  available  supply  is  scanty  and  the  first  tilling  needs  a 
large  watering,  the  maximum  supply  is  not  wanted  for  the  whole 
area  at  once,  but  the  last  fields  are  tilled,  as  those  of  the  first 
classes,  or  "golongans,"  do  not  require  the  water  to  such  a  great 
extent.  At  the  same  time,  when  the  crop  in  the  first  is  already 
mature,  that  in  the  last  golongan  can  still  get  some  water.  In 
this  system  the  peasant  is  no  longer  free  to  begin  his  labor  when 
he  pleases.  In  Demak  the  matter  is  pushed  to  such  an  extent  that 
a  native  who  does  not  begin  the  tillage  of  his  land  at  the  time 
officially  decreed,  incurs  a  fine,  and,  by  non-paying,  penal  punish- 
ment. 

Another  feature  of  this  system  is  the  supervision,  not  only  of  the 
main  canals  and  the  secondary  distributaries,  but  also  of  the  tertiary 
ones,  which  bring  the  water  directly  on  the  fields,  the  canals  which 
in  British  India  are  generally  designed  as  village  watercourses. 
The  system  is  based  on  partition  according  to  the  cultivated  area 
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taking  water  from  the  same  canal.     Measurements  are  used  only 
to  ascertain  the  proper  division. 

It  seems  that  the  results  of  the  Demak  system,  which  goes  so 
far  into  details,  are  not  yet  deemed  sufficiently  obvious  to  the 
Government,  for  the  permanent  institution  of  this  irrigation  circle 
has  not  yet  been  authorized. 

The  system  of  irrigating  by  turns,. or  by  divisions,  has  also  been 
introduced  into  other  parts,  as  in  the  Pategoewan  and  Pekalen  dis- 
tricts, but  in  the  former  the  area  is  divided  into  tracts  of  nearly 
350  acres  and  the  management  of  the  water  allotted  to  such  a  tract 
is  left  to  a  board  of  natives  whose  interests  are  involved,  a  system 
which  seems  to  be  well  adapted  to  teaching  them  self-government 
and  to  maintaining  a  healthy  interest  in  the  arrangements,  while 
the  officials  are  not  overburdened  with  petty  affairs. 

The  management  of  the  irrigation  works,  outside  the  three 
irrigation  circles,  has,  in  some  instances,  been  arranged  by  the  Govern- 
ment, when  the  different  managers  of  the  sugar  mills  were  at  vari- 
ance with  each  other.  The  oldest  example  is  the  regulation  of  the 
water  distribution  from  the  Goeng  and  Koemissik  Rivers  in  Tegal 
(now  a  part  of  Pekalongan).  Here,  some  18  years  ago,  when  the 
cane  fields  were  extended,  arose  such  a  strife  among  the  owners 
of  some  eight  factories,  that  the  Resident  thought  it  advisable  to 
place  the  water  distribution  under  one  control,  by  engaging  a  staff 
of  officials  who  should  be  paid  by  the  managers  of  the  sugar  fac- 
tories at  the  rate  of  about  GO  cents  per  acre  of  ciiltivated  area. 
Though  in  this  way  the  mutual  dissensions  si;bsided,  the  interests 
of  the  native  crops  were  disregarded  to  too  great  an  extent,  and  the 
Government  has  finally  placed  an  "opzichter"  with  some  native 
officials  at  the  head  of  this  distribution  service,  and  levies  a  sum  of 
$3  200  from  the  factories,  which  is  paid  to  the  treasury. 

This  example  is  followed  at  the  Pekalen  works,  and  may  be 
considered  as  a  pattern  for  establishing  the  other  irrigation  circles, 
but  a  quick  advance  in  this  line  does  not  seem  to  be  now  i;nder 
consideration. 

VII.     Outlay  and  Financial  Results. 

The  reason  the  Government  is  not  eager  to  spend  much  money 
on  the  extension  of  the  technical  supervision  of  all  irrigation  works 
by  taking  in   hand   different   matters   now   arranged  .by  the   native 
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officials  or  the  villages  themselves,  may  be  due  to  the  fact  that, 
from  a  fiscal  point  of  view,  the  urgency  of  the  expense  is  not 
obvious.  In  Java  no  net  balance  is  made  of  the  general  profits 
derived  from  the  construction  and  proper  management  of  irrigation 
works.  While  in  British  India  from  the  greater  works  capital 
accounts  are  kept  and  the  direct  profits  are  given  in  percentage 
of  the  capital  outlay,  such  is  not  done  in  Java.  The  cause  is 
certainly  to  be  found  in  the  prominent  part  taken  by  the  wet  rice 
culture  in  the  planting  of  the  ground.  This  cidture  cannot  be 
carried  on  permanently  without  a  profuse  supply  of  water.  Accord- 
ing to  the  fertility  of  the  soil,  the  land  tax  is  assessed  in  a  certain 
ratio  to  the  average  quantity  of  the  crop.  Wlien  the  water  fails,  a 
remission  on  the  tax  is  allowed,  but,  when,  by  a  more  regular 
supply,  the  crop  is  better  and  larger,  the  tax  is  not  increased  at 
once,  for  an  equitable  rate  of  increase  is  difficult  to  ascertain.  The 
peasant  himself  can  make  no  estimate  of  how  much  better  off  he 
will  be  if  his  field,  which  until  now  has  mostly  depended  on  rain 
and  a  scanty  allowance  of  irrigation  water,  gets  a  full  supply.  The 
paying  of  an  additional  water  rate,  therefore,  is  practically  im- 
possible. That  a  full  supply  allows  of  sowing  earlier  and  planting 
a  better  sort  of  rice  is  a  certain  fact,  but  the  idea,  that  an  increased 
water  supply  gives  an  increased  crop  in  the  right  ratio,  is  of  an 
Utopian  kind,  and  is  only  rooted  in  the  minds  of  those  fervid  advo- 
cates of  irrigation  who  shut  their  eyes  to  the  facts.  One  of  these  is 
that  in  different  provinces  of  Java  different  quantities  of  "paddy"* 
are  regarded  as  a  good  crop.  A  very  curious  diagram  of  the  relative 
fertility  of  different  districts  was  published  by  the  late  Mr.  K.  F. 
Holle,  a  distinguished  agriculturist.!  From  this  it  is  inferred  that 
the  highest  produce,  averaging  65  and  70  picols  of  "paddy"  per 
"bouw"  (1.75  acre)  was  obtained  in  a  part  of  Pasoeroean.  In  other 
provinces,  Bantam,  Banjoemas  and  Kedoe,  this  average  is  from  40 
to  45  picols  and  in  Japara,  Cheribon,  Tegal,  Eembang  and  Madioen, 
from  25  to  35  picols  is  considered  as  a  good  crop.t 

At  one  time  70  picols  per  "bouw"  was  held  to  be  a  normal  figure 
everywhere  obtainable  by  irrigation,  but,  though  the  data  from  which 
the  diagram  was  derived  are  not  of  the  utmost  trustworthiness,  ex- 


*Rice  in  the  husk,  weighing  nearly  twice  as  much  as  the  rice  that  it  contains. 

-  -  -        -        ■""    ).  308. 

per  acre,  and 


t " Tijdschrift  voor  Nijverheid  en  Landhouw  in  Ned.  Indie,"  1883,  p.  308. 
tlpicol   =   138  lb.;  therefore.  70  picols   per  "bouw'"  is  5  500  lb. 


picols  per  "  bouw  "  is  only  8  000  lb.  per  acre. 
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perience  does  not  make  it  probable  that  everywhere  such  a  large 
crop  is  possible.  An  advance  of  20%,  under  favorable  circumstances, 
in  many  cases,  seems  to  be  nearer  to  the  truth. 

To  get  an  account  of  the  sums  spent  in  the  last  years  for  pre- 
paring and  executing  irrigation  works,  the  Reports  of  the  Indian 
Public  Works  can  be  consulted.  According  to  the  latest  available, 
that  of  December,  1901,  the  sums  shown  in  Table  5  were  spent 
for  different  great  works  begun  during  the  last  10  years.  In  this 
table  Dutch  money  is  converted  at  the  rate  of  10  guilders  =  $1.00. 

TABLE  5. 


Works  and  Province. 


Irri 
Kated 
area,  in 
acres. 


Preanger  Regencies. 

1.  Tjihea  works 15  000 

Clieribon. 

2.  Indramayoe  irrigation ;      65  600 

Pekaloiu/an. 

3.  Kabopyoetan  and    Babakan 

works 35  500 

4.  Pamali  works 80  000 

5.  "Waloe  works '      47  000 

6.  Ramboet  irrigation !      21  500 

7.  Tjiomal  and  Pekalongan. ...       43  500 
8a  ma  rang. 

8.  Wedoeng      irrigation      and 

drainage  district •.       28  70D 

9.  GrogolandSingenkidoel  irri 

gation  and  drainage   dis- 
trict         28  000 

1 0.  East  Samarang  drainage  dis- 

trict         12  200 

Pasoeroean. 

11.  Molek  Canal,  Senggoro  dis- 

trict  I      10  500 

Besoeki. 

12.  Improvement  Sampeyan  ir- 

rigation  I      26  000 

Panjoema,s  and  Kedoe. 
LS.  Irrigation  of  Southern  Ban- 
.ioemas,  Karanganjer  and 
Serayoe  Valley 227  500 

14.  Southern   Bagelen,  east   of 

the  Lokoeloe 100  000 

Madioen. 

15.  Irrigation   in  the    Magetan 

and  Ngawi  districts 84  000 

Kediri. 

16.  Waroedjayeng-Ker tosono 

scheme 43  600 

A.chieved  in  1900 : 

17.  Pategoewan   works   (Pasoe- 

roean) i      15  800 

18.  Manggis  Canal  (Kedoe) 8  700 


Totals 893  100 


Sums 

spent  in 

1901. 


Sums  Spent  from  the  Be- 
ginning  ifNTiL   Decem- 
ber, 1901,  FOR  : 


Survey- 
ing. 


p8  396  $20  847 

14  188  39  955 

21  7601 

50  oi;^  124  098 

36  270  1 

44  924 

30  072  1  903 


33  870 
13  842 

18  303 

4  948 


27  379 


61400 


1478  742 


19  212 
16  129 

4  708 

16  005 


1  828  I   96  492 
32  897    154  010 


101  423 


24  828 


17  065 
14  283 


Execu- 
tion. 


$319  356 
501  923 


r  433  2921 
I  543  430  I 
1  161  873  r 
L  39  655J 
85  720 


504  479 

164  851 
292  466 

24  472 

369  624 

597  008 
216  070 

67  546 

55  791 


325  485 
212  186 


$4  916  227 


Total. 


$340  203 

541878 

1  302  348 
130  644 

506  382 

184  063 
308  595 

39  180 

385  629 

693  500 
370  080 

168  969 

80  619 


342  550 
226  469 


$5  612  109 
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In  Table  5  those  works  are  entered  which  in  1891  were 
put  on  a  working  programme  and  those  which  afterward  were 
found  necessary,  exckiding  the  survey  for  works  not  yet  begun  and 
the  Solo  scheme  which  has  not  led  to  a  satisfactory  result.  In 
order  to  ameliorate  the  irrigation  of  893  100  acres,  and  partly  to 
bring  this  ground  under  cultivation,  a  sum  of  more  than  $5  500  000 
was  spent  in  10  years,  or  nearly  $570  000  a  year.  As  all  these 
works  are  not  completed,  it  is  of  no  use  to  give  the  cost  per  acre. 

Next  to  the  major  works,  every  year  a  certain  sum  is  spent  on 
minor  works  of  local  interest,  and  it  is  from  these  that  the  most 
direct  profit  is  generally  derived  by  saving  labor  on  temporary 
works  or  warranting  a  regular  supply.  From  1895  forward  par- 
ticulars are  given  in  the  Public  Works  Reports.  In  that  year,  on 
58  works,  was  spent  a  sum  of  $58  789,  and  $22  765  were  spent  on 
some  of  them  before  that  time.  In  the  following  years  more  than 
400  other  works  are  named,  and  in  the  seven  years,  1895-1901,  it 
may  be  reckoned  that  467  works  cost  $726  924,  or  a  mean  outlay 
of  about  $100  000  a  year. 

Adding  to  these  figures  $40  000  a  year  for  surveying,  the  total 
irrigation  outlay  in  the  last  years  is  $710  000  a  year. 

In  the  budget  for  1904  an  attempt  is  made  to  classify  the  works 
under  the  heads  shown  in  Table  6. 

This  is  more  than  the  yearly  average  calculated  previously,  but 
the  estimated  sums  are  not  always  wholly  spent. 

On  the  total  budget  of  Netherlands'  India,  prevised  for  1904 
at  a  grand  total  of  $66  000  000,  the  irrigation  expenses,  even  includ- 
ing the  costs  of  maintenance  and  of  the  establishment,  do  not 
attain  2%  of  the  total  sum.  No  separate  accounts  are  held,  in 
order  to  pay  part  of  the  outlay  from  loans.  Where  the  direct  profits 
cannot  be  calculated  easilj',  it  is  better  to  consider  these  works  as 
contributing  only  to  the  general  welfare  in  the  same  indirect  way 
as  new  bridges,  roads,  buildings  and  the  like.  In  that  case,  it  is 
a  wise  policy  for  Java  to  construct  them  on  a  moderate  scale  and 
to  pay  them  every  year  out  of  the  actual  receipts,  and  not  burden 
the  future  with  the  interest  on  outlays  which,  as  in  the  case  of  the 
Solo  scheme,  run  the  risk  of  being  spent  on  a  wrong  principle  or 
which  afterward  prove  not  directly  remunerative. 
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TABLE  6. 
^- — Productive    worhs    partly    new    and    partly    in    execution 
(From  which  in  the  long  run  a  rental  on  the  outlay  is  expected) — 

Pamali  works   (Pekalongan)    (No.  4) $24  800 

Waroedjayeng  and  Kertosono  (Kediri)   (No.  16)  .  .    149  200 

Bandjaran   Canal    (Banjoemas) 16  000 

Molek  Canal  (Pasoeroean)   (No.  11) 80  000 

Tjiomal  and  Tjatjaban  irrigation  (Pekalongan) .  .    140  000 

Kedoengkandang   Canal    (Pasoeroean) 40  000 

B. — Works  of  dubious  productivity . — 
Improving  the  water  distribution  in  the  Sindo- 
pradja  Canal  System  in  Indramayoe  (No.  2) ;  in 
the  tract  east  of  the  Tjiomal  Kiver  (Pekalongan 
No.  7)  ;  in  Southern  Bagelen,  east  of  the  Lokoeloe 
Eiver  (No.  14)  ;  in  the  Magetan  and  Ngawi  Dis- 
tricts (Madioen  No.  15)  ;  improving  the  drainage 
of  Singenkidoel  and  Grogol  (Samarang  No.  9) ; 
making  a  new  embankment  for  the  Toentang 
River  (Samarang)  ;  and  improving  the  drainage 
of  the  part  of  the  Solo  Valley  called  Bengawan 

Djero,  together  prevised  in  1904  for 274  000 

C. — Improvements  and  minor  worhs 160  000 

D. — Surveying  and  preparing  of  schemes 40  000 

Grand  total  prevised  for  1904 $924  000 

For  Java,  the  greatest  benefit  will  generally  be  derived  from 
minor  works,  viseful  in  a  limited  sphere.  A  comparison  with  British 
India  must  fail,  for  in  that  country  the  failure  of  the  rainfall  may 
be  so  great  that  on  a  large  area  the  crop  is  lost  altogether.  Famines, 
then,  seem  to  be  almost  inevitable,  and  protective  works  to  take 
water  from  perennial  streams  can  and  may  be  constrvicted  on  a  large 
scale,  for  the  sake  of  humanity  and  in  order  to  reduce  the  expenses 
for  relief  in  times  of  calamity.  In  most  parts  of  Java  scarcity 
occurs  seldom;  the  water  is  generally  easily  taken  from  the  rivers, 
and,  where  this  is  not  the  case,  great  works  in  case  of  emergency 
will  be  of  no  great  value,  for,  if  the  rain  fails,  the  supply  of  the 
streams  will  be  also  very  small. 
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The  policy  of  promoting  the  construction  of  permcineut  works, 
which  relieve  the  natives  from  labor  and  risk,  and  especially  the 
control  of  the  equitable  distribution  of  the  water,  seems  the  safest 
and  best.  This  can  be  combined  with  helping  the  agriculturists 
with  good  advice,  credit,  abolition  of  compulsory  services  for  public 
works,  remission  of  taxes,  etc.;  for,  as  long  as  the  petty  peasants 
form  the  bulk  of  the  nation  the  welfare  of  the  country  will  be 
promoted  best  by  improving  their  condition. 

The  general  views  of  the  Government  and  public  opinion  tend 
now  in  that  way,  but  great  care  must  be  taken  that  so-called  good 
measures,  or  those  which  are  deemed  perfect  in  the  offices,  are  not 
enforced.  To  make  the  native  people  happy  and  prosperous  under 
European  rule,  training  in  self-help  must  not  be  forgotten. 
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APPENDIX. 

Explanation  of  Plates  and  Engineering  Details. 

Plate  I. — Map  of  Java,  with  Lines  of  Equal  Rainfall.'^ — For  the 
reduction  to  English  measures  1  m.  is  taken  roughly  as  40  in.  The 
geographical  length  and  breadth  grades  are  only  approximately 
true,  because  the  map  is  intended  merely  as  a  sketch.  The  great 
mountain  ranges  are  nearly  coincident  with  the  lines  of  heaviest 
rainfall. 

Plate  II. — Vertical  Fall  at  Tjihoeloe,  West  Canal  (Buitenzorg). 
Fig.  1  on  this  plate  is  a  view  of  a  modern  vertical  fall  with 
cistern,  constructed  in  the  West  Canal  at  no  great  distance  from 
Buitenzorg.  In  this  arrangement  no  great  round  pit  is  formed  in 
the  canal  bed  down  stream  from  the  fall,  but  the  apron,  in  works 
of  this  kind,  is  sometimes  damaged. 

Fig.  2  on  this  plate  is  a  photograph  of  the  escape  made  for  the 
Tji  Djambe  Brook.  The  construction  of  the  tunnel  vault  in  brick 
and  mortar  and  tlie  rubble  stone  masonry  of  the  wing  walls  can 
be  distinguished  clearly,  with  some  typical  workmen,  Javanese 
masons,  menials  or  traymen.  The  longitudinal  section  of  this  work 
is  shown  on  Plate  III,  Fig.  4. 

Plate  III. — Tjihea  Irrigation  Wo'i-hs. — The  upper  portion  of  the 
canal  taking  water  from  the  Tjisokkan,  a  tributary  of  the  Tjitaroem 
and  irrigating  the  Tjihea  plain  in  the  Preanger  Regencies  is  shown 
in  this  plate.  The  fall  of  the  river  is  very  great  and  the  bed  is 
very  deep  between  the  rocky  banks.  The  main  canal  had  to  be 
carried  in  the  steep  slope  of  the  latter.  Where  this  could  not  be 
managed  by  open  cuttings,  tunnels  were  used.  The  drainage  of 
the  hills  was  made  across  it,  as  in  the  case  of  the  Tji  Djambe,  just 
at  the  end  of  the  third  tunnel. 

When  the  work  was  begun,  it  was  understood  that  between  the 
first  and  second  tunnels  there  should  be  an  open  cut,  but  as  the 
banks,  consisting  of  a  sort  of  semi-rocky  material,  called  "wadas" 
were  apt  to  slip,  it  was  necessary  to  lengthen  the  masonry  of  the 
covered  tunnel  until  the  open  space  was  reduced  to  a  mere  pit.  The 
water  of  the  river  is  dammed  by  a  low  weir  and  enters  the  two 
gates  of  the  intake  sluice,  whence  it  is  admitted  to  the  tunnel  by 
lifting  the  shutters.  It  flows  then  in  an  open  space  before  the 
tunnel  entrance. 

The  tunnel  section  is  of  the  same  pattern  as  the  Verdon  Canal, 
in  France.  The  stiff  clay  had  to  be  timbered  with  wooden  frames 
and  planks,  taken  from  the  trees  of  the  surrounding  forest.  The 
area  of  the  wet  section  of  the  tunnel  is  46  sq.  ft. ;  the  velocity  of 
thf  current  admitted  to  the  masonry  tunnels  is   5.75  ft.  per  sec. 

*  Taken  from  a  rain  chart  published  in  the '•  Tijdschrift  van  het  Koninklijk  Neder- 
landsch  Aardrijkskundig  (ienootschap,"  1900,  p.  585. 
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The  slope  in  the  tunnels  is  7.5  ft.  per  mile.  In  the  open  canal  the 
slope  is  reduced  to  1  ft.  8  in.  per  mile.  The  normal  velocity  in  the 
earthen  canal  down  stream  is  2.5  ft.  per  sec. 

The  drawings  are  taken  from  a  paper*  by  Mr.  Elenbaas,  the 
executive  engineer. 

Plate  IV. — Map  of  Distributaries. — This  is  a  general  map  of 
the  irrigated  blocks  of  the  Pategoewan  system  in  the  Pasoeroean 
Eesidency,  on  the  frontier  of  Soerabaya.  The  water  is  here  derived 
from  various  small  rivers  which  supply  four  main  canals.  The 
Pategoewan  main  canal  takes  it  from  the  river  of  that  name  at 
Winong  and  runs  along  almost  a  contour  line  of  the  hilly  country. 
The  same  is  lower  down  in  the  case  of  the  Bekatjak  Canal,  taking 
water  from  the  Kedoeng  Larangan.  The  two  other  main  canals, 
viz.,  of  Kepoeloengan,  taking  water  from  the  Pategoewan  Piver  on 
a  lower  point;  and  the  Tanggoel  Canal,  taking  water  from  the 
Djogonalan,  which,  lower  down,  is  called  Kedoeng  Larangan,  run 
nearly  in  the  direction  of  the  heaviest  slope.  The  four  canals 
provide  water  for  5  000,  6  900,  610  and  1  900  acres,  respectively. 
The  Pategoewan  and  Bekatjak  Canals,  respectively,  2  and  7.4 
miles  long,  with  supplies  of  143  and  175  cu.  ft.  per  sec,  have  no 
greater  slope  than  is  required  for  the  regular  flow  of  the  water. 
The  Kapoeloengan  and  Tanggoel  Canals,  respectively,  2.5  and  3 
miles  long,  with  22  and  56  cu.  ft.  per  sec,  have  a  total  fall  of  204 
and  194  ft.,  and  had  to  be  made  as  a  flight  of  stairs,  with  short 
horizontal  reaches  divided  by  falls. 

Every  canal  has  secondary  branches  watering  the  blocks  indi- 
cated on  the  map,  and  the  surplus  water  is  drained  by  separate 
drainage  canals  and  river  beds.  Among  the  drainage  canals,  atten- 
tion is  called  especially  to  the  short-cut  of  Ketjelleng,  by  which 
the  water  of  the  Wangi  River,  derived  from  the  small  rivers,  Kedon- 
dong  and  Komissik,  is  turned  into  the  Djogonalan  above  the  weir 
of  the  Tanggoel  irrigation.  Another  short-cut  is  made  near  Kepoe- 
loengan to  throw  the  surplus  water  of  the  Pategoewan  River  into 
the  bed  of  the  Kambeng.  which  lies  some  60  ft.  deeper,  in  order  to 
draw  it  oif  to  the  Porrong  River  by  means  of  the  new  Kambeng 
Drainage  Canal. 

The  weirs  made  for  the  Kapoeloengan  and  Bekatjak  Canals 
are  of  older  date,  and  have  the  ogee  form,  while  the  Tanggoel  weir 
is  of  the  vertical  kind  with  a  cistern.  The  head  sluice  at  Winong 
took  water  without  damming  the  river.  Afterward,  in  that  place, 
a  low  dam  or  sill  was  placed  across  the  river. 

The  distributaries  received  primarily  a  capacity  according  to  the 
area  under  command,  viz.,  the  main  canals  1  cu.  ft.  per  sec.  for 
every  33  acres,  the  secondary  canals  1  cu.  ft.  per  sec.  for  every  24.75 

*  Tijdschrift  van  het  KoninMijk  Insfituut  van  Ingenieurs,  1893-1894. 
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acres  and  the  tertiary  canals  or  watercourses  1  cu.  ft.  per  sec.  for 
every  16.5  acres.  Afterward  this  duty  of  the  water  was  made 
different,  varying  with  the  extension  of  the  blocks.  Canals  which 
water  about  50  acres  now  get  water  according  to  the  last-named 
scale,  i.  e.,  3  cu.  ft.  per  sec.  Blocks  of  1 750  acres  get  a  supply 
according  to  the  greatest  duty,  i.  e.,  52.5  cu.  ft.  per  sec,  and  aggre- 
gate blocks  of  greater  extent  get  1  cu.  ft.  per  sec.  for  every  40 
acres.  In  the  latter  case  it  is  reckoned  that  at  least  one-fifth  of 
the  area  is  occupied  by  sugar  cane,  and  requires  no  irrigation  in  the 
rainy  season.  It  must  be  remembered  that  in  still  larger  territories 
in  other  parts  of  Java,  where  the  ground  is  stiff  clay,  a  duty  of 
1  cu.  ft.  per  sec.  for  50  or  even  60  acres  is  deemed  sufficient.* 

Plate  V. — Movable  Weir  at  LengTcong. — This  shows  the  location, 
a  cross-section  and  plan  of  a  single  opening  of  the  great  movable 
weir  at  Lengkong  on  the  Porrong  branch  of  the  Brantas  River,  and 
needs  no  further  explanation.  As  one  of  the  greatest,  oldest  and 
most  remarkable  works,  it  will  be  of  interest. 

Plate  VI. — Movahle  Weir  at  Lenglcong. — The  two  photographs 
on  the  plate  give  a  general  idea  of  the  actual  aspect  of  the  works 
at  Lengkong.  Fig.  1  shows  a  ship-gate  being  brought  into  position; 
Fig.  2  shows  the  ship-gates  floating  after  back-water  has  been 
obtained  by  putting  sleepers  in  the  down-stream  grooves. 

*In  Lower  Egypt  1  cu.  m.  per  sec.  in  summer  will  suffice  for  2  150  acres  of  rice 
(Willcoeks,  "Egyptian  Irrigation,"'  second  edition,  1899,  p.  365).  As  1  cu.  m.  =  35.25  cu. 
ft.,  this  gives  1  cu.  ft.  per  sec.  per  61  acres. 
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Introduction. 


Irrigation  is  a  many-sided  subject.  The  location,  designing, 
and  construction  of  canals,  dams,  head-gates,  flumes,  waste-ways, 
and  measuring  boxes  belong  to  its  engineering  side.  Preparing  land 
for  irrigation,  determining  the  quantity  of  water  needed  by  different 
crops  and  the  best  methods  of  applying  it,  are  among  its  agricultural 
problems.  Questions  of  water  ownership,  methods  of  establishing 
and  acquiring  titles  to  streams,  the  social  and  business  relations 
of  water  users  to  each  other,  are  among  its  legal  and  economic 
features.  All  these  have  a  vital  influence  on  the  value  of  irrigation 
properties  and  on  the  peace  and  prosperity  of  irrigation  com- 
munities. All  need  to  be  dealt  with  in  order  to  reach  a  correct 
understanding  of  the  present  condition  of  irrigation  development  in 
the  United  States. 

When  the  arid  lands  along  western  streams  began  to  be  reclaimed 

♦Chief,  Irrigation  and  Drainage  Investigations.  United  States  Department  of 
Agriculture. 
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by  irrigation,  engineering  problems  were  the  ones  most  considered. 
The  farmer  who  built  his  own  ditch  found  the  task  so  difficult  that 
he  had  little  time  or  inclination  to  think  of  anything  else.  Investors 
in  irrigation  projects  asked  about  the  land,  the  water  supply  and 
the  cost  of  construction,  and  acted  on  the  replies  received.  The 
importance  of  stable  titles  to  water,  the  need  of  having  rights  to 
rivers  defined  and  protected  in  times  of  scarcity,  was  at  the  outset 
disregarded.  The  future  growth  of  irrigation  and  the  controversies 
over  water,  which  would  come  with  this  growth,  were  not  foreseen. 
As  long  as  there  was  water  enough  for  all,  one  right  was  as  good 
as  another,  and  it  was  not  until  there  were  more  ditches  than  there 
was  water  to  fill  that  men  began  to  realize  that  drought  was  possible 
under  canals  as  well  as  in  regions  which  depend  on  the  clouds. 
Experience  showed  that,  no  niatter  how  small  the  cost  of  a  canal,  it 
was  invariably  a  losing  investment  if  another  canal  higher  up  stole 
the  water  which  belonged  to  it. 

This  tendency  to  magnify  the  construction  side  of  irrigation  is 
still  manifest.  While  we  may  not  give  too  much  attention  to 
problems  connected  with  dam  and  canal  building,  we  fail  to  give 
enough  to  those  connected  with  the  agricultural  and  economic  sides. 
It  is  the  work  of  the  farmer  which,  after  all,  determines  the  value 
of  irrigation  properties.  Few  understand  the  outlay  required  to 
prepare  wild  land  for  the  distribution  of  water  and  how  iraportant 
it  is  that  the  right  method  of  application  be  adopted.  The  financial 
failure  of  many  meritorious  projects  has  been  due  to  not  realizing 
the  expense  which  farmers  must  incur  in  grading  land,  removing 
sage  brush,  filling  up  gopher  holes,  and  building  checks,  dikes  and 
furrows  for  applying  water  to  crops.  It  is  this  expense  which  delays 
reclamation  and  reduces  returns  from  water  rentals.  This  expense 
has  been  increased  by  much  of  the  earlier  work  being  done  in  a  mis- 
taken fashion.  The  waste  of  water  and  loss  of  money  and  time, 
in  the  aggregate,  represents  an  enormous  sum. 

The  evolution  of  irrigation  in  a  valley  or  in  a  State  is  much  like 
that  of  a  railway  system.  The  first  problems  confronting  railway 
builders  are  to  locate  the  line,  secure  the  right  of  way,  determine 
the  grades  and  build  the  bridges  and  stations;  but,  when  the  road 
has  been  built,  new  questions  arise,  and  these  later  questions  are  the 
ones  which  ultimately  fix  the  value  of  the  property.     Combinations 
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must  be  made  with  other  lines,  and  rates  must  be  fixed  so  as  to 
secure  traffic  and  at  the  same  time  pay  expenses.  Also,  in  irrigation, 
construction  problems  come  first,  agricultural  and  economic  ones 
later,  but  they  are  the  problems  of  enduring  importance.  The  water 
supply  of  a  canal  depends  as  much  on  the  method  by  which  rival  head- 
gates  are  regulated  as  on  the  quantity  of  water  which  comes  from 
the  snows.  The  number  of  customers  and  the  rates  which  may 
be  charged  for  water  do  not  depend  entirely  on  the  acres  of  land 
to  be  served  or  its  productiveness.  Misfit  water  contracts,  arbitrary 
laws  for  fixing  rates,  the  attempt  to  force  a  unit  of  water  measure- 
ment on  farmers  which  they  did  not  understand  and  of  which  they 
were  afraid,  have  bankrupted  many  western  irrigation  companies, 
where  the  land  was  fertile  and  the  water  supply  abundant.  A  canal 
is  a  carrier  of  water,  and  the  contentment  of  the  community  it 
serves  depends  on  the  efficiency  of  its  arrangements  for  securing  and 
delivering  its  goods.  Head-gates  must  be  adjusted  so  that  each 
canal  will  receive  its  share  of  the  stream,  while  each  farmer  should 
be  as  certain  of  obtaining  his  share  of  the  water  supply  as  the 
shipper  on  a  railway  is  that  goods  consigned  to  it  will  go  to  their 
destination. 

Extent  and  Value  of  Irrigation. 
According  to  the  report  of  the  United  States  Census  made  in 
1902,  about  10  000  000  acres  of  land  in  the  United  States  are  now 
being  irrigated.  Of  this,  600  000  acres  are  in  the  rice  fields  along 
the  Atlantic  and  Gulf  Coasts,  400  000  acres  in  the  semi-arid  region, 
and  6  000  acres  in  the  humid  States.  The  remainder  is  in  the  arid 
region.  To  reach  this  land,  59  243  miles  of  main  canals  and  ditches 
have  been  built,  or  more  than  enough  to  extend  twice  around  the 
earth,  while  the  laterals  leading  from  these  canals  to  the  fields 
represent  an  aggregate  length  of  many  times  this  distance.  The 
difficulty  of  reaching  remote  and  inaccessible  regions,  the  indiffer- 
ence of  settlers  in  these  sections  to  letters  of  inquiry,  and  the 
absence  of  any  official  records  in  many  of  the  States,  render  it 
impossible  to  secure  complete  statistical  records,  and  make  it  certain 
that  these  figures  are  less  than  the  reality.  Since  this  report  was 
prepared,  progress  has  been  rapid,  and  there  must  be  now  in  the 
United  States  150  000  irrigated  farms,  for  which  the  canals  and 
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reservoirs  furnishing  the  water  supply  have  cost  on  the  average  $10 
an  acre,  while  the  expense  of  preparing  land  to  receive  water  and 
building  the  laterals  and  furrows  for  its  application  has  required 
an  additional  outlay  of  the  same  amount.  It  is  a  conservative  esti- 
mate, therefore,  to  say  that  $200  000  000  has  been  expended  in  irri- 
gation development,  and  it  is  certain  that  the  values  created  by  this 
development  represent  many  times  that  sum.  The  rights  to  water 
in  Colorado  alone  are  estimated  to  be  worth  $90  000  000,  and  they 
are  increasing  every  year. 

Nothing  connected  with  the  industrial  development  of  the  arid 
region  in  the  last  ten  years  has  been  more  significant  than  the  in- 
creasing value  of  water.  The  greater  demand  by  cities  and  towns 
for  water  for  industrial  and  domestic  purposes,  the  opportunities 
for  its  utilization  in  power  made  possible  by  the  improvements  in 
electrical  transmission,  and  the  greater  value  of  water  in  irrigation, 
have  all  contributed  to  this  result. 

Some  of  the  recent  sales  of  water  illustrate  the  enormous  rise 
in  its  value  as  a  commodity.  The  right  to  use  the  water  of  a 
spring  in  California,  which  supplies  50  miner's  in.  (1  cu.  ft.  per 
sec.)^  recently  sold  for  $50  000.  This  did  not  include  a  yard  of  ditch, 
an  acre  of  land,  or  any  other  form  of  property  save  the  water.  A 
right  in  the  Arkansas  River,  acquired  in  the  irrigation  of  a  farm 
of  less  than  100  acres,  recently  sold  for  $225  000.  In  the  early  days 
of  the  settlement  of  Utah,  Brigham  Young  bought  all  the  rights 
to  City  Creek  for  $500.  This  stream  is  now  one  of  the  principal 
sources  of  water  supply  for  Salt  Lake  City  and  the  estimated  value 
cf  this  water  right  is  $1  600  000.  It  is  certain  that,  as  population 
increases,  the  extensive  and  intensive  use  of  water  will  keep  pace 
with  it,  and  the  struggle  over  its  use  and  control  be  augmented 
in  like  measure. 

The  irrigated  lands  which  now  sell  for  from  $100  to  $1  000  an 
acre  would  be  practically  worthless,  without  irrigation,  and  what  is 
true  of  the  country  is  equally  true  of  the  cities.  Denver,  Salt  Lake 
City,  and  Los  Angeles  are  as  much  the  creation  of  irrigation  as  the 
orchards  and  farms  which  surround  them.  If  the  health  and 
pleasure  seekers,  who  now  fill  transcontinental  trains,  had  to  pass 
through  continuous  desert  wastes  and  in  the  end  dwell  among  the 
disagreeable  surroundings  of  aridity,  instead  of  among  the  flowers, 
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the  p-ardeiis,  finiit,  and  foliage  which  suri-ound  nearly  every  large 
city  of  the  arid  region,  these  trains  would  be  empty,  and  the  men 
of  wealth  and  energy,  who  now  find  this  section  of  the  country  the 
most  productive  place  to  engage  in  business  enterprises,  would  have 
gone  elsewhere. 

The  rapidity  with  which  this  change  has  been  wrought  is  with- 
out a  parallel  in  the  development  of  any  other  irrigated  country  in 
the  world,  and,  in  addition,  it  has  several  unique  features.  These 
results  have  been  accomplished  in  large  part  by  men  of  limited 
means,  and  almost  entirely  by  private  initiative  and  enterprises, 
working  without  public  subsidies  or  any  form  of  public  aid.  The 
greater  part  of  the  work  has  been  done  in  sections  remote  from 
transportation  facilities,  where  labor  was  scarce  and  high,  and  many 
kinds  of  construction  material  costly.  Hundreds  of  these  ditches 
and  canals  were  built  without  money  to  provide  an  equipment  for 
doing  the  work  in  an  efficient  and  economical  manner.  All  these 
conditions  have  to  be  remembered  in  passing  judgment  on  what  has 
been  achieved  by  engineers  and  farmers. 


Some  Features  of  Early  Irrigatton  Construction. 

The  purpose  of  this  paper  is  to  describe  some  of  the  typical 
features  of  these  irrigation  works,  the  methods  of  applying  water, 
and  the  social  and  legal  institutions  under  which  streams  are  dis- 
tributed and  used.  In  connection  therewith,  some  significant  fea- 
tures of  irrigation  progress  in  the  United  States  for  the  past  ten 
years  will  be  pointed  out,  because  this  period  is  one  of  unusual 
importance,  beginning  as  it  does  with  the  panic  of  1893,  which 
caused  an  almost  complete  stagnation  in  constrviction  and  settle- 
ment, and  ending  in  the  remarkable  revival  in  both  these  directions 
growing  out  of  the  passage  of  the  National  Irrigation  Act,  in  1902, 
and  the  rising  value  of  land  and  water  which  has  rescued  from 
seeming  insolvency  many  canal  companies  and  made  it  possible 
for  private  enterprise  to  engage  in  many  new  projects  which  hitherto 
could  not  be  considered. 

Some  of  the  earlier  phases  in  irrigation  development  which  have 
a  vital  relation  to  the  changes  now  taking  place  will  be  discussed 
briefly,  because  a  knowledge  of  this  evolution  is  necessary  to  an  \in- 
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derstanding  of  some  of  the  most  significant  features  of  the  present 
situation. 

Although  modern  irrigation  in  the  United  States  only  dates  back 
fifty  years,  its  practice  on  this  continent  is  older  than  historical 
records.  The  first  Spanish  explorers  on  the  Rio  Grande  found  the 
Indians  of  that  valley  watering  the  thirsty  soil,  as  their  forefathers 
had  done  for  unnumbered  generations  before  them,  and  as  their  de- 
scendants are  doing  to-day.  In  southern  Colorado  and  northern 
Arizona  and  New  Mexico  are  well-defined  remains  of  irrigation 
works,  of  whose  origin  even  tradition  is  silent. 

Modern  irrigation  began  with  the  settlement  of  Utah  by  the 
Mormons,  with  the  planting  of  gardens  by  the  Franciscan  monks 
in  California  and  with  the  simple  furrows  which  turned  streams 
on  the  low-lying  bottom  lands  in  the  vicinity  of  the  stage  stations 
along  the  Overland  trail.  It  was  not,  however,  until  about  1870, 
when  the  Greeley  Colony  in  Colorado  and  the  Anaheim  Colony  in 
California  were  founded,  that  the  construction  of  irrigation  ditches 
and  canals  began  to  invite  the  attention  of  capital,  and  projects 
took  on  a  character  and  importance  which  made  them  an  adequate 
field  for  the  talents  and  training  of  the  engineer;  but,  at  the  outset 
and  for  many  years  thereafter,  the  irrigation  engineer  was  con- 
fronted by  conditions  which  in  many  ways  were  tmsatisfactory. 

In  order  to  design  an  irrigation  canal  properly,  certain  things 
need  to  be  known.  One  is  the  duty  of  water.  In  designing  the 
earlier  canals,  engineers  had  to  giiess  at  this.  Sometimes  the  canals 
were  made  needlessly  large,  more  often  too  small.  The  earthwork 
channel  could  be  enlarged  readily,  but  head-gates  and  flumes  were 
not  so  easily  modified. 

At  the  outset  there  were  no  gaugings  of  streams,  to  determine 
how  widely  they  fluctuated  in  a  single  season,  and,  what  was  of  equal 
importance,  to  show  the  variation  in  supply  from  year  to  year. 
Even  if  there  had  been  such  gaugings,  there  was  another  element 
of  uncertainty  which  has  tormented  the  engineer  and  brought  dis- 
aster to  many  investments.  This  is  the  absence  of  records  showing 
how  many  canals  divert  the  flow  of  a  river,  or  the  volume  which 
each  is  entitled  to  take.  When  the  Greeley  Colony  Canal  was  built, 
the  total  area  irrigated  from  the  Poudre  did  not  exceed  1  000  acres, 
but  the  owners  of  this  territory  secured  a  grant  of  enough  water 
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to  irrigate  100  000  acres.  Engineers  could  not  anticipate  this  ex- 
travagance of  judicial  decrees  and  their  effect  on  the  available  water 
supply. 

There  were  certain  influences  which  always  operated  to  handicap 
engineers  in  making  preliminary  investigations.  Outside  of  Cali- 
fornia and  the  lands  lying  within  the  railway  grants,  canal  pro- 
jects had  to  deal  almost  entirely  with  public  lands.  The  laws  for 
acquiring  these  lands  were  framed  for  the  humid  region,  and  were 
wholly  unsuited  to  the  requirements  of  irrigation.  An  engineer 
could  estimate  the  acreage  of  land  which  a  canal  would  cover,  but 
it  was  beyond  finite  intelligence  to  determine  how  much  of  that 
land  would  be  acquired  under  the  public  land  laws  by  farmers,  and 
how  much  by  speculators  who  never  had  been  farmers  and  never 
expected  to  become  users  of  water.  The  building  of  a  canal  to  re- 
claim a  particular  tract  of  public  land  enhanced  its  value.  It  made 
it  certain  that  this  land  would  in  time  be  cultivated,  and  that  its 
value  as  grazing  land  would  be  raised  to  the  value  of  farming  land. 
Every  ditch  survey,  therefore,  was  the  signal  for  a  rush  to  the  land 
oflice  and  for  covering  the  whole  area  with  speculative  filings  under 
the  Homestead  and  Pre-emption  Acts,  under  either  of  which  men 
could  acquire  title  with  no  residence,  or  only  a  brief  nominal  one, 
and  without  the  cultivation  or  irrigation  of  a  square  foot  of  the 
land  filed  on.  Having  possession,  these  speculative  entrymen  could, 
by  refusing  to  enter  into  water  contracts,  starve  the  ditch  company 
into  bankruptcy  or  force  the  purchase  of  their  claims  as  a  means  of 
putting  an  end  to  the  embargo  on  settlement. 

Abuses  of  the  land  laws  made  the  projectors  of  canals  insist  that 
preliminary  surveys  should  be  made  as  hastily  and  secretly  as  pos- 
sible. Inadequate  water  laws  gave  added  force  to  this  desire.  No 
one  now  questions  the  statement  that  rights  to  water  are  as  valu- 
able as  titles  to  land,  and  that  the  granting  of  rights  to  streams 
should  have  been  made  as  carefully  as  the  public  land  is  disposed  of. 
If  this  had  been  done,  nearly  all  the  disastrous  litigation  and  fully 
one-half  the  engineering  mistakes  connected  with  past  canal  build- 
ing would  have  been  averted.  Instead  of  this,  there  was  no  super- 
vision over  the  filing  of  claims  to  water,  and  many  recorded  were 
so  inaccurate  and  misleading  as  to  be  practically  worthless. 

The  importance  of  priorities,  the  imcertaiuty  as  to  what  rival 
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enterprises  would  claim,  and  the  tendency  of  rival  mushroom  cor- 
porations to  spring  up  whenever  a  legitimate  project  was  started, 
made  investors  desire  preliminary  surveys  to  be  made  with  a  rush. 
All  they  wanted  was  the  necessary  description  of  the  canal  line  in 
order  to  make  a  filing. 

The  Highline  Canal  in  Colorado  is  60  miles  long.  At  the  upper 
end  is  a  tunnel  through  a  mountain;  at  the  mouth  of  the  tunnel,  a 
precipitous  cliff,  half  a  mile  long,  on  which  a  shelf  for  a  flume  had 
to  be  blasted;  below  that  there  were  a  nimiber  of  torrential  streams 
which  the  canal  line  had  to  cross.  It  was,  at  the  time,  the  most  diffi- 
cult and  costly  project  which  had  been  undertaken  in  the  "West,  yet 
the  line  was  located  and  the  estimate  made  from  a  field  reconnais- 
sance which  lasted  only  three  days.  The  fact  that  the  ultimate  cost 
was  within  a  few  thousand  dollars  of  this  estimate  showed  the  re- 
markable intuitive  engineering  ability  of  Mr.  E.  S.  Nettleton,  the 
pioneer  irrigation  engineer  of  the  Rocky  Mountain  region. 

Few  engineers  possess  this  faculty  in  equal  degree,  and,  in  many 
instances,  the  results  were  far  different.  The  estimated  cost  of  the 
canals  projected  originally  by  the  Greeley  Colony  was  $20  000.  They 
cost  more  than  $400  000,  yet  the  acreage  cost  of  water  under  these 
canals  is  far  below  the  average. 

Eastern  engineers  were  especially  likely  to  make  errors  in  esti- 
mates based  on  these  hasty  surveys,  because  the  behavior  of  earth 
and  the  expense  of  moving  it  is  so  different  in  the  arid  region  from 
that  in  the  Eastern  States.  The  indurated  clay  of  many  Western 
States  can  be  moved  readily  with  plows  and  scrapers  when  it  has 
been  thoroughly  moistened,  but  it  has  to  be  blasted  when  dried  out 
in  midsummer.  In  spring  it  would  be  classified  as  earth,  in  August 
as  solid  rock. 

In  every  one  of  the  Western  States  there  was  a  period  of  specula- 
tive development  and  a  rush  to  acquire  control  of  the  waters  of  a 
river  by  the  establishment  of  a  prior  right  thereto.  During  this 
period,  it  was  the  investor  rather  than  the  engineer  who  insisted  on 
neglect  of  necessary  preliminary  studies,  and  it  was  the  investor 
rather  than  the  engineer  who  entered  into  agreements  which  made 
construction  costs  needlessly  expensive.  The  rush  for  an  early 
water  right  caused  one  canal  in  Colorado  to  be  dug  in  midwinter. 
Thousands  of  yards  of  frozen  ground  had  to  be  blasted,  when  a  few 
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weeks  later  it  could  have  been  moved  readily  with  plows  and  scra- 
pers. After  the  canal  was  completed,  it  remained  practically  un- 
used for  ten  years  because  of  the  delay  in  securing  settlers. 

Many  of  the  large  canal  projects  were  promoted  by  men  without 
means,  but  having  access  to  capital  in  the  East.  The  basis  of  their 
operations  was  usually  a  preliminary  survey  and  a  filing  on  the 
water  of  the  stream.  As  a  rule,  they  had  little  money  to  pay  for 
surveys  and  little  real  interest  in  the  accuracy  of  estimates,  because 
it  was  not  their  own  money  but  the  money  of  someone  else  which 
would  ultimately  be  risked.  In  nearly  every  instance,  pressvire 
was  brought  on  the  engineer  to  reduce  the  estimated  cost.  Men  who 
were  absolutely  honest  seemed  to  think  that  it  was  not  natural  con- 
ditions but  the  fiat  of  the  engineer  which  determined  the  outlay, 
and  an  estimate  which  threatened  to  make  the  bait  unattractive  to 
the  investor  was  regarded  as  an  evidence  of  unfriendliness  on  the 
part  of  the  engineer  and  treated  as  a  personal  grievance.  Many 
conscientious  engineers  lost  their  employment  because  of  refusal  to 
sacrifice  their  judgment  to  that  of  the  promoter,  and  many  other 
honest  but  weak  engineers  were  influenced  to  modify  their  judg- 
ment by  the  arguments  and  influence  of  the  promoter.  The  result 
was  that  in  many  cases  projects  were  begun  with  only  half  enough 
money  to  complete  them,  work  would  be  suspended  before  water 
could  be  furnished,  settlers  depending  on  the  canal  would  undergo  a 
period  of  great  hardship  and  suffering,  and  too  often  the  original 
investment  woitM  have  to  be  sacrificed. 

When  it  came  to  construction,  the  engineer  had  to  depart  from 
the  engineering  practice  on  irrigation  works  of  other  countries. 
When  the  first  canals  in  Utah  were  built,  nails  and  bolts  had  to  be 
hauled  more  than  a  thousand  miles  in  wagons  through  a  hostile 
Indian  country  without  roads  or  bridges.  Every  pound  of  iron 
used  cost  more  than  $1,  and,  therefore,  it  was  used  sparingly. 
The  air  compressor  used  in  the  tunnel  of  the  Montezuma  Canal  in 
Colorado  had  to  be  hauled  50  miles  over  a  mountain  range  on  a 
road  where  either  snow  or  mud  made  travel  almost  impossible. 
This  freight  bill  cost  more  than  the  machinery  delivered  at  the 
nearest  railway  station.  The  plows  and  scrapers  used  on  canals  in 
northern  Wyoming  had  to  be  hauled  275  miles  across  a  country 
without  roads  or  bridges,  that  being  the  distance  to  the  nearest  rail- 
way station. 
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The  three  materials  which  were  abundant  and  cheap  were  lum- 
ber, earth,  and  loose  rock,  and  the  extent  to  which  these  have  been 
used  constitutes  the  characteristic  feature  of  American  irrigation 
engineering.  We  have  the  highest  earthen  dams  in  the  world. 
Many  of  the  loose  rock  dams  built  were  bold  innovations  on  exist- 
ing practice.  Where  masonry  was  used,  the  desire  to  reduce  cost 
has  led  to  some  novel  structures,  the  Bear  Valley  Dam,  in  southern 
California,  being  perhaps  the  most  conspicuous.  This  dam  has  no 
parallel  elsewhere.  It  is  64  ft.  high  and  its  foundation  is  20  ft. 
wide.  It  is  2.5  ft.  thick  on  top,  and  8.5  ft.  thick  48  ft.  below.  Its 
ability  to  resist  water  pressure,  therefore,  depends  entirely  on  its 
arched  form.  The  reason  for  this  bold  innovation  was  the  cost  of 
material.  The  price  of  cement  delivered  on  the  ground  was  from 
$14  to  $15  a  barrel.  The  masonry  is  reported  to  have  cost  $22  per 
cu.  yd. 

When  the  West  Side  Canal,  in  northern  Colorado,  was  built, 
lumber  could  be  had  at  $10  per  1  000  ft.  delivered  where  needed. 
Cement  cost  $10  a  barrel.  The  use  of  masonry  was  deferred.  Wlien 
the  Bear  River  Canal,  in  Utah,  was  constructed,  lumber  cost  $20 
per  1  000  ft.,  delivered  along  the  line.  The  few  masonry  structures 
erected  cost  from  $9  to  $12  per  cu.  yd.  The  result  was  that  lumber 
was  bought  by  the  million  feet  and  cement  by  the  hundred  barrels. 
Many  of  the  timber  structures,  however,  had  to  be  replaced  in  7 
years,  all  of  them  within  a  dozen  years,  and  when  replaced  the  in- 
creased value  of  lumber  and  the  cheapened  cost  of  concrete  made  a 
reversal  in  the  original  selection  of  material.  One  of  the  most  inter- 
esting problems  Avhich  now  confronts  the  American  irrigation  engi- 
neer is  to  determine  how  far  cement  and  concrete  can  be  used  with 
economy  in  replacing  wooden  structures  on  old  canals,  and  how  far 
he  can  avoid  the  use  of  wood  in  building  new  ones. 

In  certain  sections  of  the  country,  the  engineer  has  been  able  to 
work  under  better  conditions.  In  California  the  greater  part  of 
the  land  to  be  irrigated  was  owned  by  the  men  who  provided  the 
money  for  canals.  The  necessity  for  secrecy  and  haste  in  making 
preliminary  surveys  did  not  exist  here.  The  same  has  been  true 
of  a  number  of  projects  carried  out  within  the  land  grants  of  the 
transcontinental  railroads.  It  explains  why  Colorado  has  more  irri- 
gated land  than  any  other  State.     The  Union  Pacific  land  grant 
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extended  along  the  South  Platte  and  one  of  its  principal  tributaries. 
Its  lands  could  be  acquired  by  canal  builders  who  were  thus  freed 
from  the  vicissitudes  of  the  misfit  public  land  laws.  The  State  lands 
were  also  located  along  the  lines  of  projected  canals,  and  speculative 
filings  on  these  lands  in  this  way  were  forestalled.  In  every  State 
where  the  irrigator  has  had  to  deal  with  the  public  land  laws,  they 
have  proven  a  handicap  to  the  rational  and  economical  extension  of 
irrigation. 

Reviewing  conditions  as  they  existed  in  1893,  when  progress 
under  the  old  order  of  things  came  practically  to  a  standstill,  it  may 
be  said  that  the  irrigation  engineer  can  rightly  claim  credit  for  the 
cheapness  of  the  work  done  under  his  direction.  With  all  the  handi- 
caps of  high  freight  rates  and  high  prices  for  both  labor  and  sup- 
plies, the  average  cost  of  water  was  less  than  $10  an  acre,  probably 
not  more  than  $8  an  acre,  many  of  the  early  water  rights  having- 
sold  for  from  $3  to  $5  an  acre. 

The  extended  use  of  wood  in  the  early  canals,  while  it  will  not 
continue,  cannot  be  considered  a  mistake,  under  the  conditions 
which  prevailed.  There  are  some  defects,  however,  in  American 
irrigation  canals.  Too  many  canals  simply  follow  contour  lines,  no 
attention  being  paid  to  the  sharpness  or  the  number  of  the  bends. 
These  canals  have  always  been  troublesome  to  operate,  and  large 
outlays  for  reconstruction  are  inevitable.  Another  objectionable 
tendency  has  been  to  make  canals  too  broad  and  shallow.  The  argu- 
ment in  favor  of  this  was  that  contracts  for  excavation  could  be 
made  at  a  better  price  per  yard  and  water  was  more  easily  taken  out 
of  such  canals.  However,  there  is  an  enormous  increase  in  loss 
from  seepage  and  evaporation  and  greater  tendency  to  silt  up.  Few 
of  the  earlier  canals  were  planned  to  carry  more  than  3  ft.  of  water. 
Several  which  have  a  bottom  width  of  50  ft.  originally  carried  water 
to  a  depth  of  only  2  ft.,  being  patterned,  apparently,  after  the 
rivers  from  which  they  were  diverted. 

The  Beginnings  of  Irrigation  Practice. 

Probably  two-thirds  of  the  land  now  irrigated  was  brought  under 
cultivation  by  men  who  had  no  previous  knowledge  of  irrigation. 
They  knew  nothing  as  to  the  quantity  of  water  required  to  grow 
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crops  or  the  methods  of  preparing  land  for  its  application.  They 
did  not  appreciate  the  fact  that  irrigation  is  a  co-operative  industry 
and  the  individual  cannot  act  independently,  because  irrigators  are 
bound  together  by  their  common  tie  of  dependence  on  the  canal  and 
the  stream.  Nearly  all  these  farmers  objected  to  following  cor- 
poration methods  in  organizing  their  enterprises  and  would  not 
submit  to  needful  regulations  and  restraint  in  their  management. 
These  inherited  ideas  and  tendencies  caused  much  of  the  contro- 
versy and  litigation  which  have  beset  farmers  in  the  valleys  of  the 
arid  region.  Every  irrigator  insisted  on  raising  his  head-gate  when 
he  pleased  and  shutting  it  when  he  ceased  to  need  water.  As  a 
result,  in  dry  weather  the  crops  of  the  farmers  at  the  lower  ends 
of  canals  were  burned  up  by  drought,  while  in  rainy  seasons  they 
were  flooded.  When  the  ditch  management  did  not  regulate  the 
head-gates,  the  farmer  at  the  lower  end  of  the  canal  made  it  his 
personal  business,  and,  when  persuasion  would  not  secure  a  fair 
division,  the  shovel  became  an  instrument  of  war  as  well  as  an 
implement  of  peace. 

The  farmer  who  knew  nothing  of  irrigation  faced  a  perplexing 
situation  when  beginning  its  practice  in  the  West,  and  this  was 
especially  true  in  the  early  years  of  settlement.  If  he  built  his  own 
canal,  he  did  it  without  knowing  how  many  ditches  had  superior 
rights,  or  how  much  his  share  would  be  in  the  final  lottery  of  liti- 
gation which  inevitably  lay  before  him.  If  he  purchased  a  water 
right  from  a  canal  company,  he  was  equally  uncertain  about  the 
priority  and  value  of  this  company's  water  title.  In  addition,  many 
of  the  early  water-right  contracts  were  notoriously  unfair.  They 
required  the  irrigator  to  pay  the  annual  charge,  whether  or  not  he 
received  water.  They  absolved  the  ditch  company  from  all  liability 
when  it  sold  rights  in  a  stream  where  the  water  supply  had  been 
exhausted  by  prior  appropriators.  The  courts,  in  a  number  of 
recent  instances,  have  declared  these  contracts  illegal,  holding  that 
irrigation  companies  cannot  compel  payment  for  water  rights  where 
they  are  imable,  either  through  lack  of  capacity  in  the  canal  or 
scarcity  of  supply  in  the  stream,  to  supply  the  water  sold. 

Water-right  contracts  vary  widely  in  their  details,  but  they  fall 
into  three  general  classes: 

1. — Where  water  is  furnished  at  an  annual  rental; 
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2. — Where  companies  sell  perpetual  rights  for  a  fixed  sum,  to 
which  is  added  an  annual  charge  for  operating  and  maintenance 
expenses ; 

3. — Where  the  purchaser  buys  an  interest  in  a  canal  and  its  water 
right,  with  or  without  a  voice  in  the  management  of  the  company. 

Eastern  investors  in  irrigation  works  almost  always  favor  fur- 
nishing water  at  an  annual  rental,  because  this  is  the  plan  pursued 
by  municipal  water  companies  in  supplying  domestic  users.  Human 
nature  and  the  water  laws  of  some  Western  States,  however,  have 
brought  this  plan  into  disfavor.  An  annual  rental  means  an  annual 
fixing  of  the  rental  charge  and  an  annual  contest  over  the  rate, 
farmers  desiring  to  have  it  as  low  as  possible  and  the  companies  to 
have  the  charge  maintained  or  increased.  In  this,  the  farmers  are 
at  an  advantage.  They  are  on  the  ground.  Their  votes  give  them  a 
large  local  influence,  while  the  canal  company  is  often  a  foreign 
corporation  and  an  object  of  local  prejudice  because  of  this.  The 
political  influence  exercised  by  irrigators  has  led  a  number  of  the 
Western  States  to  pass  laws  authorizing  the  supervisors  or  com- 
missioners of  counties  to  fix  the  rates  at  which  water  shall  be  sup- 
plied. In  Colorado,  the  power  of  commissioners  is  absolute.  In 
California,  the  courts  have  held  that  the  rates  mvist  be  reasonable, 
but  the  settlement  of  what  is  a  reasonable  rate  is  not  always  easy 
and  is  nearly  always  expensive.  There  have  been  instances  where 
the  rental  rate  fixed  by  county  commissioners  was  so  low  that  the 
water  rentals  would  not  pay  operating  expenses,  to  say  nothing  of 
interest  on  the  investment,  or  maintenance  and  repairs.  In  one 
instance,  the  rate  fixed  by  the  commissioners  was  20  cents  an  acre, 
while  the  operating  expense  alone  was  $1.20  an  acre. 

Objections  to  a  rental  charge  have  been  particularly  numerous 
where  the  charge  was  based  on  the  acres  irrigated.  There  has  been 
less  controversy  where  the  charge  was  for  the  volume  furnished. 
Tinder  the  acreage  charge  the  tendency  to  waste  water  compels 
canal  companies  to  make  the  rate  high.  Where  the  farmer  pays  for 
what  he  uses  and  gets  the  benefit  of  his  saving,  the  increased  skill 
and  economy  he  exercises  tends  to  lower  the  acreage  rate  without 
reducing  the  income  of  the  canal  company. 

The  most  satisfactory  plan  is  where  the  irrigator  buys  a  share 
in  the  canal.    Even  if  he  does  not  acquire  the  right  to  an  immediate 
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voice  in  its  operation,  the  knowledge  that  this  is  to  come  in  time 
makes  him  disposed  to  accept  the  situation  without  protest,  even 
when  the  management  is  not  in  accordance  with  his  views.  Con- 
sidering the  question  of  water  rights  broadly,  the  prices  charged  by 
canal  companies  have  been  reasonable,  frequently  generous.  In 
every  irrigated  district  20  years  old,  valid  water  rights  are  worth 
two  or  three  times  as  much  as  the  irrigators  paid  for  them.  The 
irrigator  has  also  had  the  best  of  controversies  over  rates.  Few 
canal  enterprises  have  proven  profitable  where  the  returns  depended 
on  water  rentals.  It  is  only  where  the  company  owned  the  land  and 
could  reap  the  benefit  of  increased  values  that  the  returns  from 
these  enterprises  have  been  satisfactory. 


Progress  op  Irrigation  Since  1893. 

The  panic  of  1893  put  an  end  to  irrigation  development  for  a 
time.  Before  its  arrival  canal  building  had  outrun  settlement,  and 
there  were  large  areas  below  ditches  awaiting  reclamation.  This 
land  under  normal  periods  would  have  been  acquired  by  farmers 
from  the  Eastern  States,  but  times  were  hard  in  the  East,  these 
farmers  lacked  the  money  to  establish  themselves  in  a  new  country, 
and  were  unable  to  sell  out  where  they  were  except  at  ruinous  sacri- 
fices. Financial  conditions  were  but  little  better  in  many  of  the 
irrigated  districts.  Prices  of  farm  products  were  low,  and  the 
profits  of  irrigation  far  less  than  they  had  been  in  the  past.  It  was 
a  trying  period  for  owners  of  canals  and  one  of  discouragement  and 
doubt  for  many  irrigators  struggling  to  improve  their  farms.  During 
this  depression  thousands  of  acres  of  irrigated  land  with  water  rights 
attached  sold  for  less  than  the  actual  cost  of  providing  the  water 
supply.  Canal  building  in  unsettled  sections  came  to  an  end  be- 
cause the  low  prices  of  water  rights  left  no  margin  of  profit  for 
large  and  costly  projects.  Substantial  progress  was  made  in  some  of 
the  older  districts,  like  the  valleys  of  the  South  Platte  and  Arkan- 
sas, in  Colorado,  and  Salt  Lake  Valley  in  Utah,  where  conditions 
were  especially  favorable  for  the  growing  of  high-priced  products 
and  where  irrigators  had  become  exceptionally  skilful  in  the  use  of 
water. 
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Eeform  of  State  Laws. 

"While  these  conditions  brought  great  hardship,  they  were  needed 
to  bring  about  changes  in  legislation  and  methods  which  were  re- 
quired to  provide  a  stable  foundation  for  future  development.  The 
first  of  these  was  a  betterment  of  State  laws,  for  the  settlement  of 
titles  to  water,  and  to  secure  the  just  division  of  streams  in  times  of 
scarcity.  When  the  panic  came  there  were  only  three  States  in 
which  there  was  an  adequate  record  of  water  rights  or  any  officials 
to  divide  the  supply  among  claimants.  These  were  Colorado,  Wyo- 
ming, and  Nebraska.  Since  1893,  five  other  States — Nevada,  Utah, 
Idaho,  Montana,  and  South  Dakota — have  passed  laws  creating  the 
office  of  State  Engineer,  and  in  three  of  these — Nevada,  Utah,  and 
Idaho — provision  is  made  for  comprehensive  investigation  by  State 
authorities  of  the  actual  use  of  water  as  a  prerequisite  to  the  ac- 
quirement of  rights  to  streams.  In  two  other  States — Oregon  and 
Washington — commissions  have  been  appointed  to  draft  codes  of 
water  laws  for .  submission  to  the  next  State  legislatures.  A  com- 
mission, chosen  by  the  Water  and  Forest  Association  of  California, 
spent  two  years  in  making  an  investigation  and  preparing  a  report 
on  this  subject  in  that  State.  Its  report  included  a  draft  of  an  act 
to  provide  for  the  public  control  of  the  public  waters,  l)ut  its  recom- 
mendations were  not  accepted  by  the  legislature. 

Important  as  the  material  results  of  this  legislation  have  been, 
they  do  not  fully  exhibit  the  gains  which  have  been  made.  There  is 
everywhere  a  better  understanding  of  the  necessity  for  pviblic  control 
of  irrigation  and  popular  opposition  to  the  improvident  giving  away 
of  streams  to  speculative  appropriators  which  will  inevitably  lead 
to  water  monopoly  in  the  future.  Prior  to  1890  the  methods  of  ac- 
quiring title  to  water  were  substantially  the  same  in  all  the  Western 
States.  They  would  have  been  farcical  had  the  evil  consequences  not 
been  so  apparent.  One  way  was  to  acquire  a  title  by  building  a 
ditch  and  using  water  without  any  record  or  notice.  The  State  never 
objected,  and,  if  some  individual  did  not  interfere,  the  right  became 
vested  by  prescription.  Many  of  the  rights  were  acquired  in  this 
fashion,  the  amount  of  the  appropriation  being  determined  by  sub- 
sequent litigation.  The  usual  plan  was  to  file  a  claim  to  water  in 
some  office  of  record,  usually  the  county  clerk's  office.  This  claim 
could  designate  any  quantity  of  water  and  specify  any  use.     The 
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claims  were  usually  of  the  most  indefinite  and  often  grotesque  char- 
acter.* They  were  practically  disregarded  until  such  time  as  in- 
creased use  caused  a  shortage.  When  controversies  arose  because  of 
this  they  were  settled  by  litigation.  In  Colorado  and  Wyoming  there 
was  provision  for  making  all  claimants  to  the  water  of  a  stream 
parties  to  this  litigation,  but  in  the  settlement  of  such  cases  no  one 
appeared  except  those  claiming  the  property,  the  rights  of  the 
public  were  practically  ignored,  and  it  frequently  happened  that  the 
rights  granted  were  based  upon  the  ex  parte  claims  filed  with  the 
county  clerk  without  regard  to  the  quantity  of  water  which  was 
needed  or  which  had  been  actually  used.  Even  where  attempts  were 
made  to  restrict  rights  to  actual  necessities,  the  absence  of  measure- 
ments of  the  water  used  gave  a  wide  field  for  surmise  and  conjecture 
on  the  part  of  interested  witnesses,  with  the  result  that  court  decrees 
have  granted  water  enough  to  cover  the  land  to  a  depth  of  1  ft.  for 
the  season  in  some  cases  and  enough  to  cover  it  to  a  depth  of  500 
ft.  in  a  season  in  others. 

Except  in  Colorado  and  Wyoming,  there  was  no  provision  prior 
to  1900  for  the  public  to  enforce  economy  in  the  use  of  water  when 
it  was  scarce.  The  irrigator  who  found  himself  being  robbed  of 
water,  by  its  unlawful  or  wasteful  diversion  above,  had  either  to 
close  down  the  offending  head-gate  by  force  or  ask  for  an  injunction 
by  the  courts.  A  canal  owner  in  California  was  asked  how  he  man- 
aged to  protect  his  rights  in  the  seasons  of  shortage;  he  replied 
that,  in  the  first  place,  he  had  obtained  a  decision  establishing  his 
legal  title  to  water,  but  that,  in  addition,  every  year  he  shipped  in 


*  The  character  of  these  claims  to  water  has  been  well  set  forth  in  a  report  on  irri- 
gation from  the  Los  Angeles  River,  Cal.,  by  E.  M.  Boggs,  Bulletin  100,  Office  of  Experi- 
ment Stations,  U  S.  Department  of  Agriculture,  from  which  the  following  is  an  extract : 

"  It  is  a  matter  of  common  knowledge  that  in  general  the  posting  of  a  notice  at  the 
place  of  intended  diversion  is  farcical.  Usually  1  he  posting  is  performed  by  attaching 
the  paper  to  the  rough  barlv  of  a  convenient  tree  somewhere  in  the  vicinity.  Tacks  or 
nails  are  not  often  provided,  and  substitutes  are  made  of  two  or  more  twigs  driven  into 
knife  punctures  in  the  bark.  Permanence  of  this  notice  is  seldom  deemed  desirable 
and  is  less  often  secured.  The  wind  may  tear  it  from  its  insecure  fastening  a  few  min- 
utes after  being  placed  in  position.  If  not  destroyed  bodily  or  blown  away,  the  first  rain 
may  blur  or  the  sun  may  fade  its  writing  to  illegibility.  But  what  matter?  By  posting 
the  notice  and  recording  a  copy  thereof  within  ten  days  the  claimant  has  complied  with 
the  law  and  has  no  further  concern.  If  the  public  or  any  individual  suffers  through  the 
insufflcieiicy  or  the  ephemeral  character  of  the  notice,  that  is  not  to  be  regarded  as  the 
claimant's  fault  but  as  the  other  man"s  misfortune.  In  very  many  cases  a  suitable  tree 
not  being  at  hand  the  notice  is  not  displayed  to  view  in  a  conspicuous  place  at  all  but  is 
folded,  laid  upon  a  boulder  or  on  the  ground,  and  weighted  down  by  a  stone.  It  would 
ivquire  diligent  search  to  bring  to  light  all  the  notices  which  may  be  quietly  reposing 
under  stones  in  some  of  our  mountain  canyons. 

..*  *  *  Usually  the  facts  set  forth  with  the  most  particularity  are  those  which 
are  the  most  unnecessary  because  perfectly  obvious,  viz.,  that  the  places  are  situated 
in  Los  Angeles  County,  Cal.,  and  in  many  cases  no  more  definite  description  is  given. 
Numerous  statements  like  the  following  are  found:  '  I  claim  the  water  where  I  now 
stand,'  or  'where  this  notice  is  posted  on  a  tree,"  or  '  in  this  canyon '." 
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two  men  from  Arizona  who  were  handy  with  a  gun,  and  that 
between  the  courts  and  the  guns  he  managed  to  get  his  share. 

Claims  to  the  same  water  supply  are  scattered  along  a  number 
of  Western  rivers  and  their  tributaries  for  more  than  500  miles. 
They  involve  the  diverse  and  conflicting  interests  of  individuals, 
communities,  and  even  different  States.  The  great  extent  of  terri- 
tory embraced,  and  the  constantly  changing  conditions  with  respect 
to  the  needs  of  irrigators,  and  the  volume  of  the  water  supply  make 
it  impossible  for  each  irrigator  to  protect  his  own  rights.  The 
farmer  at  the  lower  end  of  the  valley  cannot  cultivate  his  fields  and 
watch  the  head-gates  above.  As  an  individual,  he  is  helpless.  Peace 
and  prosperity  for  the  individual  and  the  community  alike  depend 
upon  public  control  of  the  streams  and  the  enforcement  of  laws  by 
men  of  experience  and  administrative  ability  of  a  high  order.  The 
greatest  weakness  of  American  irrigation  has  come  from  the  failure 
to  recognize  this. 

The  Arkansas  River  will  serve  to  illustrate  the  importance  of  the 
social  and  legal  problems  of  irrigation.  In  Colorado  this  river  is 
diverted  by  1 900  ditches.  Their  aggregate  length,  exclusive  of 
laterals,  is  more  than  3  000  miles.  About  $9  000  000  have  been 
expended  in  their  construction.  From  them,  600  000  acres  of  land 
can  be  watered,  and  more  than  400  000  acres  are  now  being  irrigated. 
Between  7  000  and  8  000  people  depend  on  these  ditches  for  their 
water  supply,  and  they  have  invested  large  sums  of  money  in  the 
purchase  of  stock  in  the  companies,  in  buying  water-right  con- 
tracts, or  in  the  payment  of  annual  water  rentals.  The  value  of  the 
irrigable  land  thereunder  is  between  $25  000  000  and  $30  000  000. 
The  cost  of  operating  and  maintaining  these  works  is  more  than 
$200  000  a  year.  Each  one  of  these  8  000  irrigators  knows  that  in 
order  to  grow  a  crop  he  must  have  his  part  of  the  water  of  the 
fiver  at  the  time  the  crop  needs  it,  and  that,  if  some  other  irrigator 
takes  his  share,  his  crops  will  be  ruined,  no  matter  how  industrious 
or  skilful  he  may  be  in  their  cultivation.  Scattered  over  a  territory 
more  than  200  miles  long  and  50  miles  wide,  8  000  irrigators,  as 
individuals,  cannot  protect  their  own  rights.  Unless  the  head-gates 
of  the  1  900  ditches  are  adjusted  so  that  no  gate  can  take  more  than 
its  proper  share,  and  unless  those  not  entitled  to  water  are  closed 
entirely  when  the  protection  of  superior  rights  requires   it,  there 
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must  inevitably  be  injustice,  bitterness  of  feeling,  and  failure  of 
crops. 

The  final  problem  of  irrigation  becomes  one  of  distribution,  and, 
to  make  this  a  success,  the  arrangements  for  transporting  water  to 
the  laterals  of  the  different  farms  should  be  carried  out  with  the 
same  order  and  system  that  marks  the  management  of  a  railroad 
or  express  company.  The  difficulty  in  doing  this  is  increased  by  the 
fact  that  the  volume  of  water  to  be  divided  is  never  uniform.  It 
varies  from  day  to  day  and  from  season  to  season.  The  flow  of  the 
Arkansas,  for  example,  has  been  as  high  as  40  000  cu.  ft.  per  sec. 
and  as  low  as  100  cu.  ft.  per  sec.  At  its  highest  stage,  there  was 
more  water  than  all  the  canals  could  carry,  and  the  integrity  of 
head-gates  was  threatened.  At  its  lowest  stage,  there  was  not  enough 
to  wet  the  flumes.  Irrigation  on  this  stream  has  already  been  ex- 
tended so  much  that,  without  the  storage  of  flood  waters,  the  crops 
on  many  fields  each  year  must  be  parched  by  drought,  and  great 
storage  reservoirs  have  been  built  and  others  are  contemplated  in 
order  that  the  200  000  acres  of  land  under  existing  ditches,  not  yet 
irrigated,  may  be  brought  under  cultivation.  The  water  of  many 
of  these  reservoirs  has  to  be  turned  into  the  river,  mingled  with 
that  coming  directly  from  the  snows,  and  carried  past  the  head-gates 
of  many  ditches  and  canals  not  entitled  to  stored  water,  in  order 
to  reach  the  head-gates  of  the  canals  under  which  its  owners  live. 

The  details  of  State  administration,  in  the  six  States  which  have 
provided  it,  vary  so  greatly  that  no  general  statement  can  be  made. 
The  plan  provided  in  the  Wyoming  code  will  serve  to  illustrate 
their  general  features.  Under  it,  the  water  of  canals,  streams, 
springs,  lakes,  and  ponds  is  made  State  property.  The  State  Engi- 
neer is  the  president  of  a  board  of  five  men  managing  this  property. 
The  State  gives  irrigators  free  use  of  the  water,  permits  for  this 
being  issued  by  the  State  Water  Board,  and  it  is  a  misdemeanor  to 
take  water  without  such  a  permit.  To  secure  such  a  license,  intend- 
ing users  of  water  must  file  a  map  and  description  to  show  the 
location  of  the  proposed  ditch  or  reservoir,  and  the  land  on  which 
the  water  is  to  be  used.  Where  a  project  will  injure  an  existing 
right,  permits  are  refused.  After  the  water  has  been  actually  applied 
to  the  land  the  State  issues  a  certificate  of  appropriation  which 
describes  the  land  to  which  the  water  is  attached.  These  certificates 
of  water  are  recorded  in  the  same  manner  as  land  laws. 
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In  order  to  protect  these  titles  the  State  has  to  control  the 
division  of  water  when  there  is  not  enough  for  all.  For  this  purpose 
the  State  is  divided  into  4  divisions  and  these  are  subdivided  into 
40  districts.  Each  district  has  a  water  commissioner,  a  State  official 
acting  under  the  direction  of  the  State  Engineer,  and  who  in  time 
of  shortage  raises  and  lowers  the  gates  in  such  a  manner  as  to  give 
to  each  ditch  its  proper  share.  Head-gates  adjusted  by  the  com- 
missioner may  not  be  moved  by  the  owner.  The  commissioner  has 
authority  to  arrest  offenders,  or  he  can  call  on  the  sheriff  to  do  so. 

It  is  always  difficult  to  induce  irrigators  to  submit  to  this  public 
control,  but,  once  adopted,  it  is  always  maintained.  It  relieves  irri- 
gators from  watching  their  neighbors.  They  do  not  have  to  patrol 
the  stream  at  night  to  prevent  gates  being  raised  when  they  should 
be  closed.  Where  irrigators  have  to  defend  their  own  rights  neigh- 
bors are  always  at  war.  Where  there  is  public  control  they  live 
in  friendly  relations  with  each  other,  while  the  water  commissioner 
is  often  abused.  If  he  does  his  work  with  tact  and  justice,  he 
becomes  the  most  important  member  of  a  community  and  contributes 
to  its  respect  for  law  and  order  and  to  the  peace  of  mind  and  well 
being  of  the  irrigators  to  a  degree  which  has  to  be  experienced  to 
be  understood. 

The  value  of  the  work  done  by  State  Engineers,  in  gauging 
streams  and  ditches  and  measuring  the  areas  irrigated,  has  become 
so  manifest  that  the  States  are  making  liberal  appropriations  of 
money  for  the  conduct  of  these  offices.  They  are  now  gathering 
facts  on  which  rights  depend  instead  of  leaving  this  to  be  done  by 
ignorant  or  interested  witnesses.  In  recent  water-right  adjudica- 
tions in  Utah  and  Idaho  the  State  Engineers'  offices  made  surveys 
to  show  the  areas  of  land  irrigated.  The  Idaho  Supreme  Court  has 
recently  affirmed  the  legality  of  this  proceeding. 

The  Carey  Act. 
The  first  step  toward  a  revival  of  canal  building  came  in  1894, 
with  the  passage  by  Congress  of  what  is  popularly  known  as  the 
Carey  Act,  which  gives  to  each  State  the  right  to  select  1  000  000 
acres  of  land,  provide  works  for  its  irrigation,  and  dispose  of  it  to 
actilal  settlers  and  irrigators  in  tracts  of  IGO  acres  each.  Under  this 
act,  the  land  to  be  watered  by  a  particular  project  can  be  segregated 
by  the  State,  and  thus  speculative  land  filings  thereon  are  prevented. 


102  IRRIGATION    IN    THE    UNITED    STATES. 

This  renders  it  possible  to  make  adequate  preliminary  surveys  and 
investigations.  Engineers  can  take  time  to  determine  vphat  the 
work  will  cost,  whether  there  is  an  ample  water  supply,  what  the 
probable  duty  of  the  water  will  be,  and  what  kind  of  water  contract 
will  come  nearest  to  meeting  the  needs  of  settlers  and  be  most  in 
accord  with  local  methods  and  prejudices. 

The  Congressional  law  was  extremely  indefinite.  It  left  each 
State  untrammeled  as  to  its  acceptance  of  the  act  or  the  methods 
to  be  followed  in  carrying  it  out.  One  or  two  States  made  the  mis- 
take of  attempting  to  make  money  out  of  the  act  through  charging  a 
high  price  for  the  land.  Wyoming  was  the  leader  among  the  States 
to  enact  a  successful  law.  There,  eifort  was  directed  toward  framing 
a  law  which  would  attract  irrigators.  The  land  is  sold  for  50  cents 
an  acre.  Ditch  builders  are  aided  in  surveys  and  investigations  by 
the  State  Engineer's  office.  The  "Wyoming  law  was  substantially 
copied  by  Idaho  and  in  many  of  its  features  by  Oregon.  In  these 
States  a  number  of  large  projects  were  undertaken  even  in  the  period 
of  depression;  four  are  being  carried  out  in  Wyoming,  and  several 
are  under  way  in  Idaho. 

Under  these  State  laws,  after  the  land  to  be  reclaimed  is  segre- 
gated the  water  supply  is  gauged  either  by  the  State  Engineer's  office 
or  by  the  United  States  Geological  Survey.  No  one  but  an  actual 
settler  is  permitted  to  file  on  the  land.  "He  is  limited  to  160  acres, 
and,  in  addition  to  the  land  filing,  he  must  acquire  a  right  in  the 
canal  sufficient  to  irrigate  the  land.  The  water  right  and  the  owner- 
ship of  the  canal  go  with  the  land  irrigated.  The  State  does  not 
build  the  canal  directly,  but  makes  contracts  with  companies. 

Canal  companies  have  preferred  to  operate  under  this  law  for  two 
reasons : 

1. — It  prevents  speculative  filing  and  insures  the  early  reclama- 
tion of  the  land; 

2. — It  puts  an  end  to  litigation  over  water-right  charges. 

Settlers  prefer  projects  carried  out  iinder  this  law  for  the  follow- 
ing reasons : 

1. — They  acquire  a  right  in  the  ditch  as  well  as  ownership  of 
the  land ; 

2. — They  are  relieved  from  anxiety  as  to  a  water  supply,  because 
of  the  preliminary  investigations  by  the  State; 
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3. — The  liiiul  is  sold  at  50  cents  an  acre,  while  the  Government 
charges  $1.25  an  acre  for  desert  land; 

4.- — It  insures  all  the  land  being  acquired  by  cultivators  instead 
of  a  large  part  being  secured  by  non-resident  speculators. 

National  and  State  Investigations. 

Another  important  gain  in  the  past  ten  years  has  been  the  in- 
formation gathered  by  the  State  Engineers'  offices  and  the  scientific 
bureaus  of  the  United  States  Government.  In  planning  irrigation 
works,  the  engineer  does  not  novp  have  to  depend  upon  surmise  and 
conjecture  regarding  either  the  volume  of  the  -water  supply  or  the 
acreage  which  a  canal  of  given  capacity  will  serve.  More  than  ten 
years  ago  the  United  States  Geological  Survey  began  to  make 
gaugings  of  the  flow  of  streams  used  in  irrigation,  and  since  then, 
has  made  extensive  measurements  to  determine  the  amount  of  both 
surface  and  subterranean  water  supplies.  In  addition,  this  bureau 
lias  made  extended  surveys  to  determine  the  location  of  irrigable 
areas  and  to  obtain  data  regarding  the  possibilities  and  cost  of  water 
storage.  These  data  have  been  valuable  for  those  charged  with  the 
administration  of  State  laws,  and  have  proven  of  great  practical 
value. 

Following  the  inauguration  of  these  studios  of  water  resources 
have  come  investigations  regarding  the  best  means  of  applying  water 
and  the  gathering  of  data  regarding  legal  and  economic  conditions. 
In  these  the  State  experiment  stations  of  the  different  arid  Statcj 
have  taken  a  conspicuous  part.  Since  1897  this  work  has  been  car- 
ried on  largely  in  co-operation  with  the  irrigation  and  drainage 
studies  of  the  Office  of  Experiment  Stations  of  the  United  States 
Depai-tment  of  Agriculture,  which  also  co-operates  with  the  State 
irrigation  authorities  in  making  extended  measurements  to  deter- 
mine the  duty  of  water,  the  best  means  of  its  application  to  crops, 
and  collecting  and  publishing  reports  on  the  legal  and  economic 
conditions  in  the  different  States. 

These  measurements  give  an  average  duty  of  water,  measured  at 
the  head-gate,  of  4.2  acre-feet  for  each  acre  irrigated,  and  show  that 
about  one-half  of  this  volume  is  lost  during  its  transit  through  the 
canals  by  seepage  and  evaporation.  They  have  also  shown  in  a  strik- 
ing manner  the  need  of  a  better  understanding  of  the  best  methods 
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of  preparing  land  for  irrigation  and  applying  water  to  crops.  It  is 
in  these  directions,  perhaps,  that  the  greatest  waste  and  loss  in  land 
reclamation  have  occurred. 

Because  of  their  superior  preliminary  training,  engineers  soon 
discover  the  principles  which  should  govern  canal  building  in  order 
to  have  them  conform  to  the  conditions  and  make  the  best  use  of 
the  material  at  hand.  Farmers  have  not  been  in  a  position  to  make 
equal  progress.  Their  knowledge  of  methods,  to  a  great  extent,  has 
been  confined  to  what  took  place  in  their  own  neighborhoods,  and, 
both  as  to  this  and  the  tools  used,  it  has  been  as  much  a  matter  of 
accident  as  of  intelligence  whether  or  not  these  were  best  suited  to 
their  conditions. 

The  diversity  of  methods  used  is  remarkable,  and  is  due  largely 
to  the  fact  that  irrigators  have  come  from  all  parts  of  the  world. 
The  150  000  men  now  applying  water  to  crops  include  all  classes 
and  nationalities.  Each  settler  from  a  foreign  country,  especially 
if  it  was  an  irrigated  one,  seeks  to  introduce  on  his  farm  the  customs 
and  practices  of  his  old  environment.  This  is  particularly  notice- 
able in  California,  where  the  Chinese  irrigate  their  truck  gardens 
in  Chinese  fashion;  Italians,  Spaniards,  and  Mexicans  imitate,  for 
a  time  at  least,  the  ways  of  their  forefathers;  the  farmer  who  comes 
from  the  Mississippi  Valley  seeks,  wherever  possible,  to  mix  the  old 
way  of  doing  things  with  the  new.  As  a  result,  there  are  now  in 
use  in  the  West  about  thirty  different  methods  of  applying  water  to 
crops.  The  really  important  ones,  however,  can  be  classified  in  four 
groups : 

1. — Floodinfj. — Of  the  10  000  000  acres  now  irrigated,  it  is  prob- 
able that  6  000  000  acres  are  watered  by  flooding.  Under  this  sys- 
tem, the  ditches,  which  follow  the  contour  of  the  country  but  with 
grade  enough  to  cause  the  water  to  flow  through  them  with  consider- 
able rapidity,  are  plowed  through  the  fields  at  varying  distances 
apart,  from  60  to  300  ft.  From  these  contour  ditches  the  water  is 
turned  out  to  flow  down  the  slope,  being  spread  over  the  entire  sur- 
face by  the  manipulations  of  the  irrigator,  who,  equipped  with  rub- 
ber boots  and  a  long-handled  shovel,  directs  the  course  of  the  water 
from  one  lateral  to  another. 

2. — Furrow  Irrigaticn. — This  system  is  used  chiefly  with  culti- 
vated crops.     It  is  also  used,  however,  in  the  irrigation  of  hay  and 
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grain.  Shallow  furrows  are  marked  down  the  slopes  from  2  to  3  ft. 
apart,  the  intervening  ground  being  moistened  by  percolation. 

3. — Checks. — These  are  where  the  land  is  divided  o£F  into  com- 
partments by  ridges,  the  bottom  of  each  compartment  being  graded 
until  it  is  level  or  approximately  level.  In  size,  the  checks  vary 
from  a  few  hundred  square  feet  on  the  farms  of  Mexicans  to  40 
acres  on  hay  ranches  in  California. 

4. — Basins. — These  are  confined  to  orchard  irrigation.  Here,  the 
water  is  run  down  rows  to  fill  a  large  basin  around  the  bodv  of  each 
tree. 

The  average  cost  of  preparing  land  for  irrigation  by  these  differ- 
ent methods  is  as  follows,  not  including  removal  of  sagebrush: 

Floodinsi- from  $2  to    .f.")  per  acre. 

Furrows ''       $1  ''  $10    "       " 

Checkin- -      $8  "  $2.)    "       " 

Basins ••      ^3  "  -flO   "       " 

Each  of  these  methods  has  many  minor  modifications,  and  each 
is  suited  to  particular  conditions  and  at  the  same  time  entirely  un- 
suited  to  others.  One  of  the  most  serious  mistakes  made  by  farm- 
ers is  in  the  adoption  of  the  wrong  method.  For  example,  on  the 
Pacific  Coast,  checks  and  basins  are  used  almost  exclusively. 
Small  farmers  raising  mixed  crops  would  often  find  the  flooding 
system  superior.  East  of  the  Eocky  Mountains,  flooding  is  prac- 
ticed nearly  always  where  hay  and  grain  are  grown. 

The  Storage  op  Water. 

Permits  for  225  storage  reservoirs  were  issued  by  the  State  Engi- 
neers of  Colorado  and  Wyoming  for  the  two  years  ending  December 
1st,  1900.  Prior  to  1890  there  were  few  reservoirs  outside  of  Cali- 
fornia. They  are  being  built  now  because  the  growing  of  more  valu- 
able crops  has  raised  the  price  of  water  and  made  storage  profitable. 
Canyon  Creek  Reservoir,  in  Utah,  cost  $85  000.  In  1901  it  cost  $500 
to  maintain  it.  The  water  was  valued  by  its  owners  at  $50  000.  The 
need  for  reservoirs  became  imperative  when  wheat  growing  gave 
way  to  diversified  farming.  Alfalfa,  potatoes,  and  sugar  beets  be- 
came important  crops.     These  crops  require  late   irrigation.     More 
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■water  is  needed  in  July  than  in  June,  and  as  much  in  August  as  in 
May.  Before  these  crops,  which  have  a  high  acreage  value,  need 
irrigation,  most  of  the  snow  has  melted  and*  run  to  waste  unless 
the  water  is  stored  in  reservoirs.  The  Poudre  River,  in  Colorado, 
will  illustrate  this.  For  the  eight  years  from  1895  to  1902  the  aver- 
age flow  for  June  was  1  87Y  cu.  ft.  per  sec,  for  Augiist,  322  cu.  ft. 
per  sec.  There  was  too  much  water  in  the  first  month  and  too  little 
in  the  last.  The  function  of  the  reservoir  is  to  regulate  the  escape  of 
the  water  supply  to  meet  the  needs  of  the  irrigator. 

Within  the  last  ten  years  more  than  100  reservoirs  have  been 
built  in  the  valleys  of  the  Cache  la  Poudre  and  Big  Thompson 
Bivers,  in  Colorado,  to  store  the  flood  waters  in  the  spring  for  use 
in  the  latter  part  of  the  summer.  The  greater  number  of  these  res- 
ervoirs are  natural  basins  outside  of  the  channels  of  the  streams,  ex- 
perience having  shown  that  these  are  both  cheaper  and  safer  than 
building  dams  in  the  streams'  channels.  Nearly  all  the  embank- 
ments are  earth.  Fig.  3  shows  the  cross-sections  of  a  number  of  the 
larger  ones.  The  depth  of  water  in  the  Poudre  Reservoirs  varies 
from  6  to  31  ft.;  in  those  of  the  Big  Thompson,  from  12  to  40  ft. 
The  height  of  the  earthen  dams  above  the  water  level  depends  some- 
what upon  the  shape  of  the  reservoir  and  the  direction  of  the  pre- 
vailing winds  with  respect  to  the  dams.  Where  the  dam  is  located 
so  that  the  waves  beat  against  it,  the  height  of  the  dam  has  to  be 
increased  materially.  In  -one  instance  the  top  of  the  dam  is  12  ft. 
above  high-water  line.  Usually,  6  ft.  is  regarded  as  a  sufficient  mar- 
gin of  safety.  Twenty  reservoirs  in  the  Cache  la  Poudre  have  an 
average  depth  of  21  ft.,  an  aggregate  capacity  of  99  000  acre-feet, 
and  cost  $654  530,  or  about  $7  for  each  acre-foot  of  capacity.  Colo- 
rado irrigators  paid  $7  per  acre-foot  for  water  last  year.  Eleven 
reservoirs  on  the  Big  Thompson  have  an  average  depth  of  20  ft.,  a 
total  capacity  of  40  000  acre-feet,  and  were  built  at  a  cost  of  $8.30 
for  each  acre-foot  of  storage  capacity.  The  total  cost  of  the  31 
reservoirs  on  these  two  streams  was  $921  000.  Statistics  show  that 
stored  water  increased  the  value  of  the  agricultural  products  of  the 
Poudre  Valley  in  1902  more  than  $1000  000,  and  that  the  storage 
works  of  the  Big  Thompson  Valley  added  $500  000  to  the  value  of 
its  products  during  the  same  year. 

The  laws  governing  the  storage  of  water  vary  somewhat  in  the 
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different  States,  those  of  Colorado  being  the  most  explicit.  These 
do  not  permit  water  to  be  taken  from  irrigators  to  fill  reservoirs,  but 
make  the  priorities  for  storage  separate  from  and  independent 
of  those  for  irrigation  directly.  Only  surplus  and  flood  waters  can 
be  stored.  Reservoirs  may  be  built  in  the  channels  of  streams,  hut 
the  plans  and  construction  are  subject  to  the  supervision  of  the 
State  Engineer.  Owners  of  reservoirs  are  liable  for  damage  caused 
by  leakage,  overflow,  or  breaks  in  embankments. 


CACHE   LA   POUDRE 


^~y:??f;^77n^ 


NORTH   POUDRE  No..2 


LITTLE   TMOMPSCN 

Fig.  3. 


An  extensive  system  of  exchange  in  stored  water  has  grown  up 
in  Colorado,  and,  to  a  less  extent,  in  Utah.  Parties  having  rights 
to  store  water  exchange  with  those  having  rights  in  the  natural 
stream,  and,  in  this  way,  often  prevent  waste  of  water  and  save  ex- 
penses of  transportation.  Owners  of  stored  water  are  permitted  to 
turn  it  into  the  channels  of  natural  streams  and  have  head-gates 
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regulated  so  as  to  insure  the  stored  water  being  carried  past  ditches 
not  entitled  to  use  it. 

Among  the  important  storage  basins  now  in  use  may  be  men- 
tioned Lake  McMillan,  Pecos  Eiver,  N.  Mex.,  with  a  total  area  of 
S  000  acres ;  the  reservoir  of  the  Wyoming  Development  Company, 
in  Wyoming,  with  an  area  of  6  700  acres;  the  Twin  Lakes  Eeser- 
voir,  in  Colorado;  and  a  number  of  smaller  but  costlier  basins  in 
California. 

The  National  Reclamation  Act. 

The  general  need  for  storage  to  regulate  the  flow  of  rivers  and 
make  it  possible  to  use  the  entire  water  supply,  coupled  with  the  de- 
sire for  more  rapid  settlement  of  the  arid  public  lands,  led  to  the 
passage  by  Congress,  in  June,  1902,  of  an  act  setting  aside  the  pro- 
ceeds of  the  sales  of  public  lands  for  the  construction  of  canals  and 
reservoirs  by  the  Federal  Government.  President  Roosevelt,  in  his 
message  to  Congress  in  December,  1901,  made  a  strong  argument  in 
favor  of  this  new  national  policy,  saying,  among  other  things : 

"Great  storage  works  are  necessary  to  equalize  the  flow  of 
streams  and  to  save  the  flood  waters.  Their  constriiction  has  been 
conclusively  shown  to  be  an  undertaking  too  vast  for  private  effort. 
Nor  can  it  be  best  accomplished  by  the  individual  States  acting 
alone.  Far-reaching  interstate  problems  are  involved;  and  the 
resources  of  single  States  would  often  be  inadequate.  It  is  properly 
a  National  function,  at  least  in  some  of  its  features.  It  is  as  right 
for  the  National  Government  to  make  the  streams  and  rivers  of  the 
arid  region  useful  by  engineering  works  for  water  storage  as  to 
make  useful  the  rivers  and  harbors  of  the  humid  region  by  engi- 
neering works  of  another  kind.  The  storing  of  the  floods  in  reser- 
voirs at  the  headwaters  of  our  rivers  is  but  an  enlargement  of  our 
present  policy  of  river  control,  under  which  levees  are  built  on  the 
lower  reaches  of  the  same  streams. 

"The  Government  should  construct  and  maintain  these  reservoirs 
as  it  does  other  public  works.  Where  their  purpose  is  to  regulate 
the  flow  of  streams,  the  water  should  be  turned  freely  into  the 
channels  in  the  dry  season  to  take  the  same  course  under  the  same 
laws  as  the  natural  flow." 

The  fund  for  canal  construction  which  is  accumulating  under 
this  act  now  amounts  to  about  $27  000  000.  Its  expenditure  is  imder 
the  direction  of  the  Secretary  of  the  Interior,  who  has  dele- 
gated the  active  direction  of  the  work  to  the  United  States  Geo- 
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logical  Survey.  A  special  Reclamation  Service,  having  in  its  em- 
ploy many  of  the  best  known  irrigation  engineers  in  the  West,  has 
been  organized,  construction  on  two  projects  has  been  begun,  and 
the  final  plans  for  four  or  five  others  are  now  being  prepared.  Under 
this  act  the  entire  construction  cost  is  to  be  repaid  by  the  owners  of 
the  land  benefited,  the  payments  extending  over  a  period  of  ten 
years.  The  fund  will  therefore  be  a  revolving  one,  and,  unless  the 
law  is  modified,  the  money  available  must  in  time  amount  to  an 
immense  sum,  as  there  are  about  500  000  000  acres  of  public  land 
yet  undisposed  of,  and  receipts  from  this  source  will  soon  be  aug- 
mented by  sales  of  water  rights. 

Under  this  act,  the  settlement  of  the  water  rights  and  the  con- 
trol of  the  distribution  of  water  from  streams  rest  with  the  several 
States.  This  makes  it  important  that  State  water  laws  should  be 
adequate  and  provide  for  a  satisfactory  adjustment  of  the  respective 
spheres  of  Federal  and  State  authority.  Foreseeing  the  enlarged  de- 
mand on  streams  which  national  aid  would  cause,  the  Secretary 
of  Agriculture,  in  his  i-eport  for  1901,  made  the  suggestion  that 
prior  to  the  construction  of  any  reservoirs  under  this  act,  each 
State  be  required  to  pass  laws  which  would  insure  the  definite  and 
final  establishment  of  titles  to  water  and  put  an  end  to  the  granting 
of  speculative  rights,  giving  as  a  reason  therefore  that: 

"If  the  States  are  to  control  the  water  supplies,  there  should  be 
satisfactory  assurance  that  whatever  is  made  available  by  public 
funds  shall  benefit  the  actual  users  of  water  and  not  enrich  the 
holders  of  speculative  rights.  In  some  States  there  is  such  assur- 
ance. These  States  are  entitled  to  National  aid,  because  it  is  known 
from  present  conditions  that  such  aid  would  be  clearly  beneficial. 
But  there  are  other  arid  States  where  the  doctrine  of  riparian  rights 
jeopardizes  the  success  of  every  irrigation  work  now  built,  as  well 
as  any  works  which  the  Government  might  build.  In  other  States 
rights  have  been  established  to  many  times  the  existing  supply,  yet 
there  is  nothing  to  prevent  new  claims  being  filed,  new  diversions 
made,  and  unending  litigation  over  the  conflicts  thus  created.  For 
the  Government  to  provide  an  additional  supply  on  these  streams 
before  existing  controversies  are  settled  would  simply  aggravate  and 
intensify  the  evils  of  the  present  situation.  Whatever  aid  Congress 
extends  should  be  conditioned  on  the  enactment  of  proper  irrigation 
codes  by  the  States,  and  be  made  to  promote  the  greater  efficiency 
and  success  of  such  laws  rather  than  interfere  with  their  operation." 
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The  need  of  such  legislation  by  the  States  is  now  recognized  by 
all  familiar  with  Western  conditions.  The  more  Government  works 
there  are,  the  more  clearly  this  necessity  will  be  manifest.  Govern- 
ment aid,  therefore,  promises  to  be  a  potent  influence  for  the  better- 
ment of  legal  and  social  conditions. 

Government  construction  makes  it  possible  for  engineers,  in 
planning  structures,  to  give  more  attention  to  durability  than  to 
first  cost.  This  will  have  a  beneficial  influence  upon  the  construc- 
tion of  new  works  by  private  enterprise  as  well  as  in  the  recon- 
struction of  old  ones. 

Since  1900  the  arid  region  has  enjoyed  great  prosperity.  There 
has  been  a  great  increase  in  Western  settlement,  and  the  values  of 
both  land  and  water  have  had  rapid  and  continued  advance.  Land 
in  the  Yakima  Valley,  Washington,  which  could  have  been  pur- 
chased five  years  ago  for  $15  an  acre,  now  sells  for  $75  an  acre. 
Land  in  the  Turlock  and  Modesto  Districts,  in  California,  which 
sold  for  $20  an  acre  three  years  ago  now  brings  $60  an  acre.  Water 
rights  in  Idaho,  which  in  1894  found  no  buyers  at  $10  an  acre  now 
have  prompt  sale  at  $25  an  acre. 

The  Government  projects  exceed  in  magnitude  and  cost  any- 
thing yet  undertaken  in  this  country.  Each  has  a  vital  relation  to 
the  prosperity  of  the  section  where  it  is  located.  In  every  instance 
it  will  bring  a  new  era  of  growth  to  a  region  which  offers  attractive 
conditions  to  settlers. 
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IRRIGATION    AND    HYDRAULIC    MOTORS    USED    IN 
IRRIGATION   IN   FRANCE. 

By  Paul  L^vy  Salvauok.* 

Translated  from   the   French   by 
Paul  A.  Seurot,  M.  Am.  Soc.  C.  E. 


I.  Irrigation. 

Utility  of  Irrigation. — Although  Continental  France  belongs  by 
her  climate  to  the  temperate  zone,  and  although  extreme  heat  is  as 
exceptional  as  extreme  cold,  it  is  seldom  that  during  the  course  of 
any  year  there  is  an  exact  compensation  or  equilibrium  between  the 
alternate  periods  of  dry  heat  and  rain,  which  are  equally  necessary 
to  vegetation. 

Even  in  countries  where  the  climate  is  ordinarily  rainy,  there 
are  periods  of  drought  when  all  agricultural  economy  is  demoralized 
and  when  irrigation  is  the  only  means  of  saving  the  crops,  in  part 
at  least.  However,  the  absolute  necessity  of  irrigation,  in  Northern 
and  Central  France,  is  only  felt  at  irregular  intervals. 

This  does  not  mean,  however,  that  irrigation  is  not  resorted  to ; 
it  is,  on  the  contrary,  quite  necessary  to  maintain  the  humidity 
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required  for  germination  in  soils  naturally  too  dry.  Regular  irriga- 
tion, every  summer,  for  four  or  five  months  will  alone  give  fertile 
fields,  and  the  fertility  of  meadow-lands,  which  is  a  source  of  pros- 
perity for  certain  regions,  such  as  Normandy,  for  instance,  is  due  to 
regular  irrigation.  When  water  is  plentiful  it  is  used  sometimes  to 
assist  vegetation;  it  is  needed  by  the  plants  and  also  gives  them  the 
mineral  matter  that  it  contains  either  in  suspension  or  in  solution. 
To  that  end,  turbid  or  muddy  water  is  preferable  as  it  generally 
contains  fertilizing  matter.  This  irrigation,  called  "nutritive," 
requires  a  volume  of  water  much  greater  than  the  ordinary  irriga- 
tion called  "quenching"  or  "refreshing." 

In  Southern  France,  and  particularly  in  the  southeastern  region, 
the  summers  are  very  dry  and  very  hot.  Irrigation  there  is  indis- 
pensable, and  the  quantity  of  water  used  during  irrigation  periods, 
that  is  from  April  1st  to  October  1st,  is  much  in  excess  of  the  rain- 
fall during  the  same  period.  In  this  region  there  is  really  no  culti- 
vation to  which  irrigation  is  not  useful.  The  meadows  need  it 
particularly,  because  those  not  regularly  irrigated,  are  almost  un- 
productive. Cereals,  roots,  industrial  cultivations,  all  derive  great 
benefit  from  irrigation  during  the  summer.  Finally,  market  and 
kitchen  gardening  is  only  possible  when  water  is  plentiful.  The 
possibility  of  irrigating  is  then  the  essential  condition  to  the  exist- 
ence of  a  number  of  remunerative  gardens. 

Quantity  of  Water  Required.- — The  quantity  of  water  necessary 
for  irrigation  does  not  depend  entirely  on  the  climate;  it  depends 
also,  in  a  great  measure,  upon  the  nature  of  the  soil  and  its  degree 
of  permeability.  It  varies  also  with  several  other  circumstances, 
such  as  the  intensity  and  distribution  of  annual  rains,  the  hygro- 
metric  conditions  of  the  atmosphere,  the  nature  of  the  plants  culti- 
vated, etc.,  and  cannot  then  be  determined  in  a  general  way. 

In  warm  climates,  where  irrigation  is  simply  refreshing,  a  time- 
honored  practice  has  helped  to  determine  that  the  quantity  of 
water  necessary  per  hectare  (2  acres)  is  equivalent  to  a  constant 
flow  of  1  liter  per  sec.  during  the  183  days  of  the  period  of  irrigation. 

In  the  central  and  northern  parts  of  France,  the  quantity  of 
water  used  for  the  spring  and  summer  irrigation  is  variable,  some- 
times being  as  low  as  0.25  liter  per  sec.  per  hectare,  and  again  as 
high  as  10  liters. 
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"Nutritive"  irrigation  requires  a  much  greater  quantity  of  water. 
In  the  Vosges,  where  this  kind  of  irrigation  has  been  used  on  a 
large  scale  from  time  immemorial,  some  fields  receive,  when  water 
is  plentiful,  200  liters  per  sec.  per  hectare. 

Periodicity  of  Flooding. — Although  it  is  customary  to  measure 
the  quantity  of  water  used  in  irrigating  by  the  continuous  flow  of 
a  certain  number  of  liters  per  second  per  hectare,  it  is  not  in  this 
way  that  the  water  is  used,  especially  for  refreshing  irrigation  in 
summer. 

Even  if  the  quantity  of  water  is  unlimited,  the  applications 
should  be  interrupted  periodically  for  the  good  of  vegetation.  If, 
where  the  disposable  quantity  of  water  is  limited  to  a  continuous 
flow  of  1  liter  per  sec.  per  hectare,  the  water  were  poured  in  a  con- 
tinuous stream  it  would  only  represent  a  sheet  of  water  0.36  mm. 
deep,  and  would  be  almost  entirely  absorbed  by  evaporation  and 
would  be  absolutely  insufficient  even  to  moisten  the  ground. 

The  farmer  must  then  arrange  to  apply  water  to  each  i^arcel  of 
land,  periodically,  and  for  a  few  hours  only,  in  a  quantity  equivalent 
to  the  volume  that  this  parcel  of  land  would  receive  if  it  were 
furnished  to  it  during  several  days,  at  the  rate  of  1  liter  per  sec. 

The  meadows  and  lands  devoted  to  market  gardening  which  require 
a  gi'eat  deal  of  water,  are  treated  once  a  week  for  about  six  months. 
For  other  plants,  such  as  corn  or  cereals,  a  few  sprinklings  during 
the  summer  are  sufficient ;  and  shrubs,  such  as  olive  trees  or  vine- 
yards, require  only  two  or  three  waterings  per  year. 

Practice  has  shown  that  for  irrigation  to  be  effectual,  and  in 
order  to  enable  the  farmer  to  lead  the  water  on  his  land  properly, 
the  flow  of  the  main  source,  during  the  operation,  should  equal  30 
liters  per  sec.  per  hectare.  This  takes  from  4  to  5  hours  per  hectare, 
and  the  period  between  two  consecutive  applications  is  from  6  to  7 
days;  and  inasmuch  as  the  irrigation  season  lasts  about  6  months,  it 
is  then  possible  to  make  about  30  applications  per  year. 

In  some  parts  of  France  where  irrigation  is  less  indispensable, 
and  where  it  is  more  specially  used  on  meadows,  the  methods  vary 
according  to  the  nature  of  the  subsoil.  Wlien  the  subsoil  is  pervious, 
the  floods  of  rivers  in  the  fall  and  winter  render  irrigation  super- 
fluous; in  this  case  irrigation  is  used  only  in  summer. 

When,  on  the  contrary,  the  subsoil  of  meadows  is  impervious,  then 
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irrigation  is  used,  not  only  in  summer,  but  also  in  winter  after  frosts 
and  until  the  time  when  grass  begins  to  grow,  and  in  the  spring,  to 
prevent  the  then  bare  ground  from  cracking  under  the  inlluencc  of 
the  first  heat,  and  also  in  the  autumn  after  great  rains.  Then 
turbid  waters  are  used  and  enrich  the  ground  by  leaving  upon  it  a 
thick  muddy  fertilizing  layer. 

Source  of  Water  Used. — Water,  other  than  rain-water,  used  in 
irrigation  comes  from  springs,  from  ground-water  or  from  streams. 

The  springs  belong  to  the  owner  of  the  "land  in  which  they  are 
located;  with  some  rare  exceptions,  the  landowner  has  a  right  to 
utilize  them  for  the  needs  of  his  place. 

He  has  also  a  right  to  sink  wells  to  reach  the  ground-water.  In 
order  that  the  water  so  found  can  be  utilized  for  irrigation,  it  has 
to  be  raised  to  the  surface  by  machinery  described  farther  on. 

The  conditions  under  which  water  from  streams  may  be  used 
vary  according  as  these  are  navigable,  or  "floatable"  (navigable  for 
rafts  and  timber),  or  not. 

Navigable  or  "floatable"  streams,  and  navigable  canals  and  their 
tributaries  belong  to  the  State.  Some  concessions  for  watering  and 
irrigating  may  be  granted  by  decree,  but  only  subject  to  revocation, 
and  upon  payment  of  an  annual  rental. 

On  the  contrary,  the  water  of  non-navigable  and  non-floatable 
streams,  which  include  almost  entirely  the  network  of  rivers  in 
France,  does  not  belong  to  any  one;*  the  owners  of  land  bordering 
on  those  streams  have  only  the  right  of  using  the  water.  They 
can  gratuitously  use  the  water  for  irrigating  their  land,  provided 
they  restore  to  the  stream  all  water  which  has  not  been  used  or 
absorbed,  at  the  lowest  limit  of  their  property.  They  even  have  the 
right  of  using  the  water  in  irrigating  parcels  not  bordering  on  the 
stream  and  belonging  to  them.  The  law  of  April  29th,  1845,  gives 
them  the  right  to  dig  irrigating  ditches  through  lands  belonging 
to  other  parties  upon  payment  of  a  preliminary  and  fair  indemnity. 

Private  Irrigation. — Notwithstanding  the  right  of  using  the 
water  granted  to  landowners  along  streams,  the  supervision  of  all 
non-navigable  and  non-floatable  streams  belongs  to  the  State.  As  a 
consequence,  no  water  can  be  taken  for  irrigating  purposes,  even  if 

*  While  the  total  length  of  the  network  of  non-navigable  and  non-floatable  streams 
exceeds  260  OOU  km.,  the  navigable  or  floatable  streams  have  only  a  length  of  11  757  km., 
and  the  canals  a  length  of  4  930  km.,  or  a  total  of  16  687  km. 
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it  is  done  only  by  a  simple  cutting  of  the  shore  of  the  stream,  with- 
out a  special  permit  signed  by  the  Prefect  of  the  Department.  In 
general  this  permit  does  not  limit  the  quantity  of  water  which  the 
landowner  may  divert. 

If  this  diversion,  by  its  importance,  is  detrimental  to  other 
parties  by  robbing  them  of  the  water  which  they  require,  or  if  the 
general  interest  is  jeopardized,  the  Administration  has  the  right  to 
interfere,  either  by  fixing  the  minimum  volume  of  water  which 
must  at  all  times  flow  in  the  river,  by  dividing  the  water  among 
the  different  people  using  it,  i.  e.,  manufacturers  and  farmers,  or 
by  deteniiining  the  volume  of  water  to  be  used  for  irrigating  pur- 
poses. Law-suits,  among  individuals,  which  result  from  diversion 
of  water,  come  under  the  jurisdiction  of  the  civil  courts. 

When,  in  order  to  make  irrigation  practicable,  it  is  necessary  to 
raise  the  level  of  the  water  at  the  point  where  the  diversion  must 
be  made,  the  owner,  upon  application,  may  be  authorized  to  build 
a  dam  across  the  stream.  If  he  owns  land  along  one  shore  only, 
the  law  of  July  11th,  1847,  gives  him  the  right  to  request  that 
facilities  be  given  for  abutment  on  the  other  shore.  The  dam  is 
regulated  by  prefectoral  ordinance  determining  the  head  of  water; 
it  does  not  fix  the  dimensions  of  the  intake  gates  but  gives  rules 
about  their  closing  after  the  irrigation  period  is  over. 

Owners  of  land  not  bordering  upon  non-navigable  and  non- 
floatable  streams  are  not  without  some  rights  upon  these  streams. 
They  may  divert  water  for  collective  irrigation.  The  laws  of  June 
2]st,  1865,  and  December  22d,  1888,  on  syndicates  and  associations 
enable  them  to  organize  themselves  into  authorized  irrigating  asso- 
ciations. If  the  enterprise  is  recognized  as  being  a  public  utility 
or  benefit,  the  association  is  authorized  to  divert  from  the  stream 
a  certain  volume  of  water  fixed  by  the  permit.  As  a  basis  for 
determining  this  volume,  it  is  only  necessary  to  admit  that  the  area 
of  ground  really  irrigated  will  amount  to  one-third  of  the  land 
included  within  the  perimeter  of  the  irrigation  ditch  and  that  the 
allowance  will  be  1  liter  per  sec.  per  hectare. 

The  same  authority  can  be  granted  by  law  or  by  dccroe,  to  a 
department,  to  a  town,  or  to  a  grantee  comi^any.  Such  a  law  is 
necessary  for  important  enterprises,  in  other  cases  a  decree  is 
sufficient. 
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When  the  concession  is  granted  to  a  department,  town,  or  syndi- 
cate, it  is  generally  perpetual ;  when  it  is  granted  to  a  grantee  com- 
pany, it  is  usually  limited  to  a  maximum  of  99  years,  and  at  the 
expiration  of  the  concession  or  franchise  the  canal  reverts  to  the 
State,  department,  town  or  syndicate,  as  the  case  may  be. 

Subsidies. — The  cost  of  building  large  irrigating  canals  is  very 
great;  that  is  why  the  State  grants  subsidies,  which  are  not  to  be 
reimbursed,  to  promoters  of  such  enterprises,  but  always  leaves  the 
greater  part  of  the  expense  to  the  consumers. 

This  help  from  the  State  takes  different  forms.  Between  1874 
and  1882,  a  system  was  tried  whereby  the  State  guaranteed  to  all 
great  irrigation  canals  a  minimum  earning  equal  to  the  amount  of 
expense  to  be  borne  by  the  company;  this  was  done  with  a  view  to 
encourage  the  construction  of  these  works  and  at  the  same  time  to 
reduce  the  importance  of  the  subsidies  and  grants  from  the  State. 
But  this  arrangement  had  to  be  abandoned  owing  to  the  extreme 
difficulty  found  in  selling  the  water  of  these,  usually  very  expensive 
canals,  to  farmers  who  cannot  educate  themselves  to  recognize  water 
as  a  merchandise  which  may  be  sold  to  them  by  a  corporation.  On 
the  contrary,  on  canals  built  by  the  consumers  themselves,  the  dues 
for  water  used  are  generally  collected  without  any  difficulty. 

Another  kind  of  subsidy  from  the  State  has  been  adopted  more 
recently,  to  assist  the  construction  of  the  irrigating  canal  of 
Manosque  (Basses-Alpes),  now  finished.  The  work,  which  cost 
4  500  000  francs,  was  done  entirely  by,  and  at  the  expense  of,  the 
State.  Upon  completion,  the  canal  was  turned  over  to  a  syndicate, 
composed  of  consumers,  which  was  charged  with  the  operation, 
maintenance,  and  the  collection  of  dues  or  rentals  levied  upon  those 
using  the  water.  For  50  years  the  State  will  levy  70%  of  the  net 
earnings  from  these  dues  or  taxes,  to  reimburse  itself. 

The  desire  of  the  French  Government  is  to  allow  the  consumers, 
organized  in  authorized  associations,  or  syndicates,  to  build  and 
operate  irrigating  canals  at  their  own  risks. 

The  construction  is  made  easier  by  a  subsidy  given  once  for  all 
and  amounting  to  one-third  of  the  estimated  cost  of  the  work. 

The  total  amount  of  subsidies  granted  for  the  construction  of 
irrigating  canals  built  during  the  last  25  years  is  more  than 
37  000  000  francs.     Fourteen  large  canals  have  received  a  subsidy 
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of  more  than  1 000  000  francs ;  the  largest  subsidy,  granted  to 
the  Bourne  Canal,  near  Valence  (Drome),  has  reached  4  850  000 
francs. 

Methods  of  Construction  of  Irrigating  Canals. — When  the  State 
takes  charge  of  the  construction  of  an  irrigating  canal,  the  work  is 
designed  and  constructed  by  the  engineers  of  the  roads  and  bridges, 
in  charge  of  the  Hydraulic  Department. 

In  other  cases,  grantees  may  have  the  advice  and  collaboration  of 
the  State  Engineers  whenever  they  ask  for  it.  As  a  matter  of  fact, 
the  greater  number  of  the  irrigating  canals  have  been  built  under 
these  conditions.  When  the  work  is  done  at  the  risk  of  the  con- 
sumers, the  State  supervises  the  work  only  in  so  far  as  it  is  neces- 
sary, not  only  to  insure  proper  construction,  but  also  to  see  that  the 
grants  or  subsidies  are  paid  to  the  grantees  as  the  work  progresses, 
by  instalments  amounting  to  one-third  of  the  cost,  verified  and 
certified  by  the  accounting  department. 

The  grantees  must  raise  the  capital  necessary  not  only  to  cover 
the  cost  of  construction  left  to  their  care,  but  also  to  raise  a  suffi- 
cient fund  for  the  proper  prosecution  of  the  work. 

In  order  to  meet  these  requirements,  the  companies  can  issue 
bonds,  or  ask  for  loans  by  mortgaging  the  State  grant  as  well  as  the 
future  resources  of  the  enterprise.  As  to  the  syndicates,  the  laws 
of  June  21st,  1865,  and  December  22d,  1888,-  which  regulate  them, 
give  them  also  the  right  to  borrow  capital;  they  give  to  the  lenders 
full  guaranties  of  reimbursement,  the  Prefect  having  power,  if 
necessary,  to  appropriate  certain  suras  to  the  payment  of  debts,  and 
to  recover  the  amount  so  used  in  the  same  way  as  Government 
assessed  taxes  are  levied. 

Operation  of  Irrigating  Canals:  Financial  Operation. — The 
grantees  of  irrigating  canals  are  authorized  to  levy  annual  dues 
upon  the  people  using  the  water,  not  only  for  irrigating  purposes, 
but  also  for  domestic  uses,  for  pleasure,  or  for  hydraulic  motive 
power. 

The  tax  for  irrigating  is  usually  fixed  upon  the  basis  of  a  con- 
tinuous flow  of  1  liter  per  sec.  per  hectare. 

This  price  varies  from  35  to  TO  francs  per  year.  Except  when 
the  State  has  a  right  to  retain  a  certain  percentage  of  the  taxes  to 
reimburse  itself  for  works  constructed  or  for  advances  made,  the 
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entire  proceeds  belong  to  the  grantees  as  a  remuneration  for  their 
work,  maintenance  and  operating  expenses. 

In  enterprises  of  less  importance,  granted  to  associations  of 
consumers,  it  happens  at  times  that  these  parties  bear  all  the  ex- 
pense without  borrowing  any  funds.  In  this  case,  the  cost  of  con- 
struction and  maintenance  is  divided  among  the  consumers  who  are 
assessed  to  the  pro  rata  of  the  areas  of  their  irrigated  lands. 

Operation  of  Irrigating  Canals:  Technical  Operation. — As  has 
been  said  before,  in  regions  where  water  is  indispensable  to  vegeta- 
tion, the  ground  is  irrigated  once  a  week  for  4  or  5  hours  per 
hectare. 

The  great  irrigating  canals  are  located  on  the  slope  of  hills  and 
command  areas  of  land,  sometimes  very  large,  on  which  are  dis- 
tribtited  the  parcels  to  be  irrigated;  in  order  to  water  all  these  plots, 
it  is  necessary  to  establish  a  complete  network  of  small  canals  or 
ditches  diverted  from  the  main  canal.  The  perimeter,  so  controlled, 
is  subdivided  into  zones  separated  from  one  another  by  ridges,  each 
supplied  with  water  by  a  secondary  canal  receiving  some  of  the 
water  of  the  main  canal,  and  occupying  the  summit  of  one  of  the 
ridges.  The  secondary  branches  bring  the  water  to  the  several 
parcels  through  ditches  called  collective  or  private  according  as  they 
sui^ply  several  properties  or  only  one.  The  system  of  canals  and 
ditches  of  all  classes  is  very  similar  to  the  system  of  natural  water- 
ways, brooks,  creeks,  rivers.  But  the  water  flows  in  a  reverse  or  'er 
from  the  larger  to  the  smaller  so  that  the  two  systems  may  be 
compared  to  the  arterial  and  veinous  systems  of  the  human  body. 
The  network  of  the  second-  and  third-class  canals  often  attains  a 
great  development.  In  the  case  of  the  Canal  des  Alpines,  diverted  from 
the  Durance,  and  which  comprises  a  series  of  separate  branches,  the 
principal  canal  has  a  length  of  118  km.,  while  the  network  of  small 
ditches  amounts  to  390  km.,  irrigating  an  area  of  3  800  hectares. 

During  the  whole  period  of  irrigation,  the  main  and  secondary 
canals  are  kept  supplied  with  water;  on  the  contrary,  the  canals  of 
the  third-class,  or  irrigating  ditches,  are  filled  only  periodically  and 
for  a  length  of  time  varying  with  the  area  of  the  lands  which  they 
must  irrigate,  because  the  volume  of  water  furnished  to  consumers 
is  constant  and  equal  to  30  liters  per  sec,  and  is  independent  of 
the  area  to  be  irrigated.  This  irrigation  lasts  5  hours  per  hectare. 
On  the  main  canals  the  gates  are  operated  by  watchmen  or  guards. 
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At  the  beginning  of  each  season,  a  schedule  is  drawn  up  and  so 
arranged  that  all  interested  parties  receive,  during  each  period,  the 
water  to  which  they  are  entitled,  independent  of  the  time  necessary 
for  the  watchmen  to  operate  the  gates.  The  land  being  generally 
\ery  much  subdivided,  the  number  of  landowners  is,  of  course, 
great,  and  it  is  necessary  to  irrigate  day  and  night.  In  order  that 
the  same  people  may  not  get  their  quota  always  at  night,  there  is 
a  fractional  period  of  six  and  a  half  daj's,  for  instance,  between 
two  successive  irrigations.  When  there  are  tracts  of  land  large 
enough  to  warrant  a  very  long  period  of  ii'rigation,  they  are  served 
preferably  toward  evening;  all  that  has  to  be  done  is  to  open  the 
flood-gate  and  to  close  it  the  next  morning.  Usually  there  is  no 
interruption  in  the  use  of  the  water,  and  as  soon  as  one  landowner 
is  through  irrigating,  another  begins.  The  consumers  are  notified 
in  advance  of  the  day  and  hour  when  the  water  will  be  turned  on 
and  o£F  their  lands  at  each  irrigation;  they  may  thus  take  the 
necessary  steps  to  utilize  the  water  in  a  proper  way.  If  they  allow 
their  turn  to  pass,  they  must  wait  till  the  next  week  to  get  any 
water,  and  this  is  a  very  serious  matter  to  them  because  the  lack 
of  even  one  irrigation  is  sometimes  enough  to  ruin  or  spoil  a  crop. 

For  the  same  reason,  it  is  necessary  to  have  the  schedule  care- 
fully drawn  up  in  order  to  avoid  any  mistake  on  the  part  of  the 
guards.  In  order  to  insure  perfect  regularity  in  the  working  of  the 
schedule  and  to  correct  any  mistake  or  fault  which  may  be  found 
in  it,  there  is  a  general  rehearsal  of  the  operations  before  the  open- 
ing of  the  irrigation  season. 

In  the  south,  the  canals  are  often  used,  outside  of  the  irrigation 
season,  either  to  submerge  the  vineyards,  in  order  to  cure  the  vines 
of  phylloxera  by  keeping  them  under  water  during  the  winter 
from  40  to  60  days,  or  to  remove  the  salt  from  certain  clay  soils, 
previously  saturated  with  salt  water,  which  have  retained  the  salts 
which  ascend  to  the  surface  under  the  combined  influence  of  capil- 
larity and  evaporation.  This  operation  consists  in  dissolving  the 
salt  contained  in  the  soil  and  on  the  surface  by  abundant  irrigation 
renewed  every  year. 

When  it  is  necessary  to  make  repairs,  the  canal  is  drained, 
usually  towai"d  the  end  of  winter,  when  these  submersions  are  over, 
and  before  the  irrigation   season  has  begun. 

Results  of  Irrigation. — In  the  case  of  collective  irrigation,  the 
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water  is  furnished  to  the  consumers  at  the  highest  point  of  the 
property  to  be  irrigated,  and  every  one  has  to  utilize  the  water  as 
well  as  he  can. 

In  order  that  the  irrigation  be  entirely  beneficial,  it  must,  accord- 
ing to  the  theoretical  formiila,  reach  everywhere  and  remain  no- 
where. To  obtain  this  result,  the  owner  must  prepare  and  adapt 
the  land  to  the  kind  of  irrigation  most  appropriate  to  the  nature  of 
the  soil,  to  the  slope  of  the  ground,  to  the  kind  of  culture,  etc.  He 
must  provide  also  for  the  drainage  of  the  water  not  used  or  absorbed 
by  the  ground  or  the  plants,  by  a  system  of  drains  or  channels,  in 
order  to  avoid  stagnation.  Except  in  the  case  of  certain  irrigation 
done  on  a  large  scale  with  impure  water  containing  fertilizing 
matter,  the  irrigating  operations  do  not  exempt  the  consumers  from 
the  use  of  fertilizers  without  which  the  ground  would  rapidly  be- 
come exhausted.  It  is  evident  that  besides  the  cost  of  irrigation 
itself,  the  landowner  is  put  to  rather  heavy  expense  in  order  to 
prepai-e  his  ground  and  lay  out  the  interior  of  his  land;  this  may 
be  estimated  at  from  500  to  800  francs  per  hectare. 

Nevertheless,  it  has  been  estimated  that  irrigation  in  France 
brings  an  increase  in  net  earnings  of  at  least  200  francs  per  hectare, 
after  deducting  all  incidental  expenses.  The  surplus  value  of  the 
real  estate  after  irrigation  can  then  be  estimated  at  4  000  francs 
per  hectare  at  least,  and  this  reaches  a  still  higher  figure  in  land 
of  poor  quality. 

It  often  happens  that  small  landowners  have  not  the  necessary 
means  nor  the  agricultural  knowledge  to  prepare  their  land  suitably 
for  irrigation.  They  can  borrow  funds  at  2  or  3%  interest  from  the 
''Credit  Mutuel  Agricole"  (Mutual  Agricultural  Loan  Association) 
organized  on  new  lines  by  the  law  of  March  31st,  1899.  Moreover, 
there  is  a  Bureau  of  Agricultural  Improvements  at  the  Depart- 
ment of  Agriculture,  which  gives  free  advice  and  consultation  to 
farmers  and  landowners  who  are  desirous  of  preparing  their  land 
properly  for  irrigation. 

As  to  the  private  enterprises  of  great  irrigation  canals,  if  they 
have,  as  in  several  cases,  shown  remarkable  results,  they  have  in 
others  ended  in  failure,  especially  when  the  concessions  have  been 
granted  to  companies  having  a  capital  to  reimburse.  They  have 
no  revenue,  other  than  that  derived  from  the  sale  of  water,  to  meet 
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the  expense  of  first  cost  and  maintenance,  which  varies  according  to 
the  conditions  under  which  the  canal  has  been  built  and  which  is 
often  very  high.  In  order  that  the  canal  may  command  a  large 
area  of  ground,  the  water  of  the  feeding  river  must  be  diverted  at  a 
point  much  higher  than  the  beginning  of  the  zone  to  be  irrigated, 
and  brought  down  to  where  it  must  be  utilized  by  a  canal  with  a 
\'ery  easy  slope  called  "dead  head."  Sometimes  the  "dead  head" 
which  does  not  furnish  irrigation  water  to  any  parcel  of  land,  is 
very  long,  and  its  construction,  owing  to  the  configuration  of  the 
ground,  the  erection  of  several  incidental  works  (culverts,  trestles, 
bridges,  etc.),  and  to  operations  making  the  canals  water-tight,  may 
have  cost  a  great  deal.* 

The  capital,  sometimes  very  great,  used  to  biiild  the  "dead  head" 
as  well  as  to  execute  the  final  construction,  remains  idle.  On  the 
other  hand,  the  annual  maintenance  of  the  main  canal  and  its 
tributaries  greatly  increases  the  expenses  of  the  company,  which, 
obliged  to  furnish  water  at  a  very  low  rate  in  order  to  find  a  market 
for  it,  can  only  make  a  very  small  profit.  It  must  be  noted  that 
the  area  irrigated  by  the  water  of  the  main  irrigating  canals  in- 
creases but  very  slowly.  In  the  case  of  the  Canal  of  St.  Martory, 
diverted  from  the  Garonne,  and  which  commands  a  rich  plain 
stretching  almost  to  the  gates  of  Toulouse,  while  the  area  that  could 
be  irrigated  is  equal  to  10  700  hectares,  the  area  really  irrigated  was 
only  2  643  hectares  in  1894  and  2  976  hectares  in  1904,  that  is  only 
an  average  increase  of  33  hectares  per  year.  The  construction  of 
new  canals  of  that  importance  seems  to  have  been  abandoned.  As 
has  been  said,  it  is  preferable  to  grant  the  canals  found  to  be 
necessary,  to  syndicates,  and  also  to  divide  the  enterprises  by 
increasing  their  number. 

The  system,  which  consisted  in  connecting  the  network  of  dis- 
tributing arteries  to  the  feed  water  of  the  river  by  a  "dead  head"  of 
great  length,  has  been  also  superseded  and  condemned,  not  only 
because  of  the  great  cost  of  construction  of  these  "dead  heads," 
but  also  becavise  the  evaporation,  so  important  in  the  south,  reduces 
very  materially  the  volume  of  water  brought  to  its  destination,  and 

*  An  idea  may  be  had  of  the  importance  of  the  work  done  in  connection  with  mak- 
ing the  works  water-tight  when  it  is  stated  that  in  the  Marseilles  Canal  the  losses  re- 
corded on  the  main  canal,  the  length  of  which  in  the  open  is  67  km.,  was  equal  at  first 
to  one-fifth  of  the  volume  diverted  from  the  Durance.  Special  works  to  make  it 
water-tight,  costing  more  than  two  millions,  have  materially  reduced  these  losses. 
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because  it  is  impossible  to  prevent  this  loss.  In  certain  proposed 
enterprises  the  utilization  of  hydro-electric  energy  has  been  con- 
sidered. One  of  the  projects  contemplates  irrigating  an  area  of 
3  800  hectares.  At  the  point  where,  formerly,  the  diverting  dam 
was  located,  a  spillway  creating  a  fall  of  TO  m.  and  capable  of 
furnishing  an  energy  equivalent  to  11  200  h.  p.,  of  which  the  irriga- 
tion will  absorb  3  000  h.  p.  at  the  most,  is  to  be  erected.  The  electri- 
■cal  energy  will  be  transmitted  overhead  along  the  river  and  will 
operate  6  pumping  stations.  In  each  of  these  stations,  centrifugal 
pumps  will  raise  and  force  the  water  to  the  head  of  an  equal 
number  of  main  ditches  which  will  be  so  located  as  to  distribute  the 
water  over  the  whole  area  to  be  irrigated.  The  remainder  of  the 
disposable  energy  will  be  used  in  several  other  ways,  lighting  of 
towns,   motive  power,   etc. 

With  so  many  useful  applications  it  is  to  be  hoped  that  there 
will  be  a  fair  return  on  the  capital  invested. 

In  spite  of  what  has  been  done  already  in  that  direction  during 
the  second  half  of  the  nineteenth  century,  there  is  yet  much  to  be 
done  in  France  in  order  to  improve  irrigation  to  a  degree  justified 
by  the  extent  of  the  cultivated  lands. 

A  census  taken  in  1902  has  shown  that  the  area  of  the  lands 
regularly  irrigated  was  1  453  000  hectares.  There  existed  then  3  877 
irrigating  associations  and  37  grantee  companies  of  main  irrigating 
canals.  There  are  57  canals,  the  flow  of  which  is  more  than  1  000 
liters  per  sec.  The  most  important  ones  are  in  the  Department  of 
Eouches-du-Rhone :  the  Craponne  Canal,  with  a  flow  of  13  cu.  m. : 
the  Canal  des  Alpines,  with  12  and  10  cu.  m..  and  the  Marseilles 
Canal,  with  a  flow  of  9  ctu  m..  all  three  diverted  from  the  Durance. 


II.  Hydraulic  Motors  Used  in  Irrigation  Works. 
Private  Irrigation :  Dams. — It  has  been  said  that  the  owners  of 
land  bordering  along  waterways  have  the  right  to  use  the  water 
to  irrigate  their  land.  It  is  seldom  that  irrigation  can  be  done  with 
only  a  channel  cut  through  the  shore;  it  is  more  often  necessary  to 
raise  the  level  of  the  stream  by  a  dam.  The  owner  whose  land  is 
located  on  one  shoi*e  only,  has  the  right  to  build  a  dam  as  well  as 
the  man  whose  land  is  on  each  side  of  the  stream.    As  before  stated, 
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the  law  of  -luly  lltli,  1847,  gives  him  the  right  to  abut  the  dam  on 
the  opposite  shore;  the  owner  of  the  other  shore  is  entitled  to  use 
the  dam  and  the  water  so  raised,  provided  he  pays  half  the  cost  of 
construction  and  maintenance.  The  ii'rigation  dams  are  very  simple 
and  usually  consist  of  one  or  several  timber  gates  moving  vertically 
between  guides;  these  gates  are  lowered  during  the  irrigation  period, 
at  all  other  times  the  owners  are  obliged  to  raise  them  above  the 
highest  stage  of  the  water  so  as  not  to  interfere  with  the  flow  of 
the  stream. 

The  height  of  the  level  so  raised  by  such  a  dam  is  always  small, 
and  the  alluvial  lands  along  the  streams  alone  are  capable  of  being 
irrigated  by  this  method. 

It  is  generally  necessary  to  raise  the  water  by  mechanical  means 
and  to  force  it  to  a  certain  distance.  Sometimes  the  fall  is  used  to 
run  some  lifting  machinery  such  as  hj^draulic  rams.  Electricity 
also  is  being  used  now  to  raise  water. 

For  instance,  if  a  landowner,  having  built  a  dam,  wants  to  utilize 
the  energy  of  the  fall  to  irrigate  land  bordering  on  the  river  but 
higher  up  and  rising  from  the  river  shore,  the  irrigation  water  is 
raised  by  an  electric  pump.  The  motive  power  generated  by  the  dam 
being  much  more  than  is  necessary  to  irrigate,  the  remainder  of  the 
hydro -electric  energy  is  used  to  operate  several  agricultural  machines 
and  also  for  lighting. 

There  are  on  the  streams  in  France  a  great  number  of  dams  of 
average  importance  which  in  the  past  were  used  to  furnish  motive 
power  to  small  factories,  particularly  to  flour  mills  which  are  now 
closed  because  of  the  competition  of  newer  and  larger  plants.  The 
French  Government  desired  to  see  these  dams  in  working  order 
once  more  and  to  see  this  lost  energy  used.  Tt  has  decided  that 
subsidies  should  be  given  to  owners  who  wovild  be  willing  to  try 
and  transform  the  energy  of  these  falls  into  electrical  energy  to  be 
used  in  agricultural  operations.  The  enterprise  which  has  been 
spoken  of  before,  has  received  a  very  important  grant  or  subsidy. 
Moreover,  the  plans  and  estimates  have  been  drawn  up  and  calcu- 
lated by  the  State  Engineers  and  the  work  constructed  under  their 
direction.  This  example  of  utilization  of  hydro-electric  motive 
power  seems  to  be  in  a  good  way  to  be  followed  by  several  other 
owners. 
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Various  Motors. — When  there  is  no  hydraulic  power  and  the 
lands  to  irrigate  are  far  from  any  stream,  windmills  are  used  to 
raise  the  water  from  wells  and  store  it  in  reservoirs.  The  wind- 
mills vised  nowadays  are  all  improved  engines  known  under  the 
name  of  "aeolians,"  "aeromotors,"  etc.  They  are  of  several  types, 
varying  only  in  details  of  construction.  They  consist  substantially 
of  a  metal  frame  or  tower  upon  which  is  set  a  wheel  geared  to  and 
running  the  piston  rod  of  the  pump.  The  wheels  revolve  automati- 
cally around  the  axis  of  the  tower  according  as  the  wind  is  light  or 
strong,  in  order  to  transmit  the  power  at  a  uniform  speed,  inde- 
pendent of  the  velocity  of  the  wind. 

In  some  rare  instances,  the  pumps  are  operated  by  horses,  or  even 
by  hand  in  a  few  very  small  plants.  In  some  other  cases  w'here  the 
volume  of  water  to  be  pimiped  is  very  large,  steam  self-propelling  en- 
gines are  used  as  well  as  gas  engines,  gasoline  motors  and  alcohol 
motors.  Generally  these  motors  are  not  only  used  to  raise  water, 
but  also  to  perform  other  duties  on  the  farms,  either  by  means  of 
a  transmission  shaft  or  by  actuating  series  of  electro-motors. 

Lifting  Machinery. — The  motors  just  described  are  used  to  run 
lifting  machinery.  There  are  two  principal  types  of  machines, 
hydraulic  rams  and  pumps.  The  ram  is  generally  worked  automati- 
cally by  a  waterfall  of  a  comparatively  small  height,  but  its  capacity, 
which  decreases  rapidly  with  the  ratio  of  the  height  of  the  fall  to 
the  height  of  the  lift,  is  not  generally  greater  than  50  per  cent. 
Some  improvements  made  in  that  type  of  machinery  and  apparatus 
known  as  the  automatic  pump  and  the  hydraulic  lift,  permit  using 
the  motive  power  alternately  on  the  two  faces  of  a  horizontal  piston, 
or  else  forcing  the  wmter  in  two  tanks  connected  to  a  common  pipe 
through  which  the  water  ascends.  This  apparatus  is  really  an 
automatic  lift  and  force  pump  doing  double  duty  and,  therefore, 
of  a  greater  capacity  than  the  ram. 

Pumps  used  in  irrigation  are  actuated  either  by  hand  or  mechani- 
cally. The  former  are  only  used  in  small  places  and  are  either 
winding  piimps,  rotary  pumps  or  pumps  of  the  usual  balance-beam 
and  piston  type. 

The  mechanically  operated  pumps  are  of  the  three  principal 
types : 

1. — Piston   pumps   capable   of  good   work,  of  great  lifting  and 
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forcing  power,  but  usually  heavy,  cumbersome  and  slow,  and  fitted 
with  valves  which  wear  out  quickly; 

2. —  Rotary  pumps,  which  have  good  capacity  and  the  advantage 
of  being  light,  without  valves,  and  taking  up  little  room,  but  which 
wear  out  quickly  and  can  run  only  at  a  very  moderate  speed ; 

3. — Centrifugal  pumps,  which  are  the  most  recent  ones.  They 
are  specially  well  adapted  to  raising  large  volumes  of  water  to  a 
small  height.  Their  speed  is  such  that  they  may  be  run  directly  by 
electric  motors,  and  their  output  is  very  great  as  long  as  the  lift  does 
not  go  beyond  certain  limits. 

There  are  also  pumps  connected  in  series  or  batteries,  and 
double-acting  or  quadruple-acting  rotary  pumps,  as  well  as  several 
other  engines  derived  from  the  three  principal  types  and  combined 
to  suit  the  various  requirements  either  of  the  height  of  lift  or  of 
the  height  to  which  a  certain  volume  of  water  must  be  raised. 

CoLLECTrvE  Irrigatiok. 

Water  Supply. — As  has  been  seen  before,  the  canals  bringing 
the  water  used  for  collective  irrigation  are  all  located  in  such  a 
way  that  the  main  branch  commands  the  territory  to  be  irrigated 
and  each  party  receives  the  water  at  the  highest  point  of  his  land. 
When  it  is  possible,  the  water  level  is  raised  at  the  beginning  of 
the  canal  by  a  permanent  dam  built  across  the  feeder.  All  the  large 
canals,  except  those  diverted  from  a  navigable  stream,  such  as  the 
Rhone,  or  from  a  river  like  the  Durance,  and  which  cannot  be 
dammed  because  of  their  great  width  and  torrential  conditions, 
require  a  masonry  diverting  dam. 

Some  of  these  head-works  are  quite  important,  particularly  the 
dam  of  the  Bourne  Canal  which  measures  17.5  m.  in  height  and  is 
72  m.  in  length.  These  dams  have  spillways  to  discharge  the  sur- 
plus water  from  floods,  and  gates  to  regulate  the  volume  and  flow 
of   water. 

Canals  without  dams  have  gates  controlling  a  stretch  of  canal, 
the  cross-section  and  length  of  which  are  known,  so  that  the  volume 
and  flow  of  water  may  be  ascertained  at  all  times  by  reading  a 
gauge. 

Sometimes  the  water  feeding  the  irrigation  canals  must  be 
raised  mechanically.     Such  is  the  case  for  several  canals  irrigating 


12<i  IRRIGATION    IX   FRAXCE. 

Caniargue  Island  in  the  delta  of  the  Rhone.  In  this  region  irriga- 
tion is  indispensable,  for  while  the  annual  mean  height  of  rainfall 
is  but  0.60  m.,  it  has  been  calculated  that  the  annual  evaporation 
of  the  water  of  the  Valcares  Lagoon,  at  the  southern  end  of  the 
delta,  under  the  influence  of  the  sun  and  wind,  amounts  to  a  body 
of  water  having  the  same  area  as  the  lagoon  and  a  depth  of  2.50  m. 
The  level  of  the  island  being  lower  than  the  flood  level  of  the  Rhone,, 
levees  were  built  around  it  as  a  protection  against  floods,  and  the 
canals  supplying  it  with  water  are  fed  by  centrifugal  pumps  and 
metal  siphons  passing  over  the  levee.  The  Sambuc  Canal,  which  is 
to  irrigate  an  area  of  1  350  hectares,  has  just  been  finished  under 
these  conditions  by  a  syndicate.  The  flow  of  the  canal  is  1  000  liters 
per  sec.  The  water  is  raised  mechanically  to  a  height  of  4  m.  by  a 
pumping  plant  located  back  of  the  levee  and  composed  of  two 
compound  engines,  each  running  a  centrifugal  pump  of  500  liters 
capacity. 

Incidental  Constructions. — Irrigation  canals,  which  with  their 
branches  often  reach  a  length  of  several  thousand  kilometers  and 
traverse  rough  and  rolling  lands,  often  require  the  construction  of 
many  adjuncts,  such  as  bridges,  aqueducts,  siphons,  tunnels,  etc 
It  may  be  mentioned  here  that  the  famous  Roquefavour  Aqueduct, 
with  its  length  of  380  m.  and  its  80  triple  superimposed  arches, 
built  by  de  Montricher,  stands  on  a  par  with  the  gigantic  Roman 
bridge-aqiieducts  (the  Gard  Bridge),  the  ruins  of  which  may  be 
seen  in  parts  of  Southern  France.  This  aqueduct,  supplied  by  the 
Durance,  is  the  most  important  of  the  works  on  the  ^farseilles 
Canal,  and  serves  both  as  a  supply  for  the  city  and  to  irrigate  the 
land  through  which  it  flows.  Another  large  irrigation  canal  which 
has  made  necessary  the  establishment  of  remarkable  constructive 
works  is  the  Verdon  Canal,  supplied  by  the  river  of  the  same  name, 
a  branch  of  the  Durance.  It  irrigates  the  lands  of  the  vast  plain 
of  Aix-en-Provence,  which  is  devoted  principally  to  the  culture  of 
olive  trees ;  one  of  its  main  branches  has  a  length  of  80  km.,  of 
which  20  km.  are  in  tunnel,  and  called  for  the  construction  of 
three  great  bridge-aqueducts  and  six  large  steel-plate  siphons  each 
made  up  of  two  tubes  measiiring  1.75  m.  in  diameter. 

The  Manosque  Canal,  recently  finished,  has  seven  large  cast- 
iron  siphons  aggregating  a  total  length  of  2  700  m.  and  each  made 
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up  of  two  rows  of  pipes  with  diameters  varying  from  0.80  to  1.10  m. 

In  earthen  canals,  although  earthen  embankments  are  not  used 
more  than  is  absolutely  necessary,  in  order  to  stop  the  losses  due  to 
leaks  and  infiltrations,  the  banks  are  revetted.  These  revetments 
are  usually  made  of  stone  masonry  or  concrete. 

However,  in  the  case  of  the  Sambuc  Canal,  where  the  nature 
of  the  ground  required  its  construction  in  an  earthen  embankment, 
and  as  the  losses  due  to  infiltrations  were  supposed  to  be  very  great, 
owing  to  the  fact  that  they  would  have  caused  the  raising  of  the 
salt  to  the  surface  in  all  the  surrounding  lands,  it  was  decided  to 
build  a  steel,  reinforced  cement  flume  of  semi-circular  cross-section 
and  resting  on  an  earthen  embankment.  The  highways  were  crossed 
by  means  of  siphons  made  up  of  steel  and  cement  pipes;  the  flume 
was  carried  on  trestles  over  ditches  and  canals.  The  results  have 
been  very  good,  and  it  is  probable  that,  in  the  future,  steel  reinforced 
concrete  alone  will  be  used  in  all  revetments. 

Distribution  of  Watei: — The  volume  of  water  which  is  the  legal 
quota  of  each  canal,  is  fed  to  the  main  canal  and  gauged  by  the 
head-work  or  intake.  It  is  then  distributed  among  the  several 
branches  and  arteries  leading  the  water  to  the  summit  of  each  parcel 
to  be  irrigated.  At  the  point  where  each  irrigating  ditch  leaves  a 
ditch  or  channel  of  greater  importance,  is  located  a  special  weir  or 
head-work  the  duty  of  which  is  to  measure  and  gauge  the  water  so 
that  it  may  be  distributed  as  required  between  the  two  channels. 

At  the  head  of  each  branch  diverted  from  the  main  canal,  there 
is  sometimes  a  gate  which  can  be  operated  only  by  the  watchman 
whose  duty  is  to  keep  the  channel  filled;  a  graduated  gauge  gives, 
by  reading,  the  height  of  the  water  and  therefore  the  flow  and  the 
quantity.  At  times  a  reinforced  cement  pipe  leads  into  a  rectangu- 
lar tank  closed  at  the  opposite  end  by  a  sill  above  which  the  water 
can  spill  in  a  thin  sheet  easily  measured. 

As  to  the  irrigation  or  distribution  ditches,  their  supply  is  con- 
stant. The  length  of  time  during  which  they  are  fed  alone  varies. 
This  supply  is  controlled  by  head  gates  regulating  the  flow.  When 
the  same  intake  must  supply  several  ditches,  the  distribution  be- 
tween these  ditches  is  done  by  square  tanks  perforated  by  openings 
of  the  same  shape  and  dimensions  at  equal  distances  from  the 
intake. 
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All  these  regulating  devices  are  operated  by  the  canal  watchmen; 
only  the  flood  gate  located  at  the  head  of  each  property  is  operated 
by  the  consumer.  As  the  water  of  the  same  irrigating  ditch  is 
always  supplied  to  the  consumers  beginning  at  the  point  farthest 
from  the  main  canal,  all  that  the  consumer  has  to  do  is  to  open  his 
gate  at  the  appointed  time.  Once  his  flooding  done,  the  next  con- 
sumer opens  his  gate,  and  the  water  flows  in  his  land  and  stops 
flowing  in  the  preceding  consumer's. 

Thanks  to  acquired  habit  and  regulations,  this  distribution 
of  water  goes  on  uninterruptedly  and  regularly,  every  consumer 
being  anxious  to  do  his  share  toward  preventing  mistakes  and 
delays. 
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The  development  of  irrigation  projects  in  the  Hawaiian  Islands 
has  been  prosecuted  with  the  greatest  vigor  by  private  corporations 
owning  sugar  estates,  during  the  last  ten  years.  No  aid  for  this 
work  has  been  received  from  either  the  local  Territorial  Govern- 
ment of  Hawaii  or  the  National  Government  at  Washington.  What 
was  formerly  arid  and  unproductive  soil,  covered  by  wild  brush 
and  pasturing  a  few  cattle,  has  been  converted  into  productive 
sugar-cane  land,  by  the  application  of  Avater,  at  a  heavy  expenditure 
of  money  and  enterprise. 

Eainfall. 

The  rainfall  of  the  Hawaiian  Islands  is  very  local  and  peculiar 
in  its  distribution.  The  trade-winds  blow  off  the  ocean  from  the 
northeast,  and  on  this  slope  a  rainfall  of  from  60  to  200  in.  per 
annum  is  quite  common,  the  intensity  varying  with  the  altitude 
and  local  configurations,  while  on  the  lee  sides  the  rain  is  often 
as  light  as  from  10  to  15   in.     The  islands  as   a  rule  are  quite 
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rugged,  varying  in  altitude  at  their  central  and  highest  points 
from  3  000  to  10  000  ft.  The  windward  sides  are  covered  with 
a  dense  brush  which  remains  green  throughout  the  year.  On  the 
northeast  slope  of  Maui  the  maximum  precipitation  occurs  at  an 
altitude  of  1  500  ft.,  being  often  as  much  as  400  iu.  per  annum 
at  Nahiku,  while  at  sea  level  and  higher  up  the  mountains  it  is 
only  one-third  of  this  quantity. 

Uses  of  Water. 

Water  is  used  for  irrigating  the  sugar  cane,  the  annual  crop  of 
sugar  each  year  amounting  to  400  000  tons,  which  averages  $70  a 
ton,  or  $28  000  000.  One-half  of  this  is  due  to  the  development 
of  irrigated  plantations  during  the  last  twenty  years.  The  remaining 
200  000  tons  are  raised  on  rainfall  plantations  which  are  very 
uncertain  in  their  output,  owing  to  the  precarious  rain  conditions 
prevailing. 

Ancient  Water  Rights. 

The  remains  of  old  houses  and  fields  bear  convincing  testimony 
that  the  population  of  Hawaii  was  very  dense  in  prehistoric  times. 
Nearly  all  the  streams  were  led  out  by  ditches  called  "auwais," 
and  the  water  was  used  for  growing  "taro,"  the  national  food,  and 
other  vegetables.  The  ditches  were  excavated  in  surface  earth  and 
maintained  by  the  joint  users,  each  of  whom  had  to  devote  so  many 
days  each  month  toward  repair.  The  water  was  also  distributed 
among  its  users  by  set  rules  and  at  stated  times,  each  district 
with  its  branch  ditch  getting  so  many  hours'  flow  of  the  stream. 
The  land  thus  cultivated  was  always  in  the  vicinity  of  the  stream, 
as  no  long  ancient  conduits  were  built,  and  was  styled  "taro" 
land  in  contrast  to  "kula"  or  dry  land  which  carried  no  water 
rights. 

The  native  Hawaiians  have  protected,  with  the  greatest  zeal, 
their  water  rights  to  taro  land,  which  the  gradual  growth  and 
expansion  of  sugar-plantation  interests  have  tended  to  absorb. 

Modern  Irrigation. 

The  present  water  supply  of  the  islands  is  derived  from  two 
sources : 
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1. — By  pumping  ground-water  or  artesian  waters  from  wells 
and  sumps,  excavated  near  the  seashore.  The  pumps  are  driven 
either  with  coal  or  oil  as  fuel,  or  by  electricity  generated  from 
water-power. 

2. — By  gravity  from  the  natural  flowing  streams,  the  impound- 
ing of  the  flood  waters  of  these  streams,  and  by  the  interception  of 
ground-water  by  tunneling. 

One  of  the  most  striking  facts  which  the  Continental  engineer 
has  to  experience  is  the  extraordinary  productiveness  of  some  of 
the  island  water-sheds,  and  this  destroys  at  once  many  precon- 
ceived theories  as  to  what  run-offs  should  be.  The  Waihee  water- 
shed on  Maui  with  an  area  of  about  4  sq.  miles,  yields  a  daily 
minimum  flow  of  17  000  000  gal.,  while  the  Olokele  water-shed  on 
Kauai  Island,  with  an  area  of  about  8  sq.  miles,  yields  a  minimum 
flow  of  40  000  000  gal.,  and  a  mean  flow  of  70  000  000  gal.  in  24 
hours.  Each  of  these  water-sheds  is  peculiarly  and  favorably  situ- 
ated for  precipitation,  with  steep  brush-covered  slopes,  and  witJi' 
almost  daily  rainfalls. 

Nearly  all  the  Hawaiian  streams  respond  very  quickly  to  rain- 
fall, rising  and  falling  quite  rapidly;  while  those  with  a  good 
dense  brush-covered  water-shed  hold  the  volume  in  the  streams 
almost  constantly  above  a  certain  minimum. 

The  artesian  supply  of  the  Island  of  Oahvi  is  the  most  peculiar 
and  the  most  generous  found  in  any  country  of  such  a  limited 
area,  the  island  being  only  about  12  miles  wide,  north  and  south, 
by  35  miles  long,  with  mountain  ranges  near  its  north  coast  3  000 
ft.  high.  It  yields  daily  from  wells  and  sumps  250  000  000  to 
300  000  000  gal.  without  any  apparent  diminution  of  the  supply, 
the  source  of  which  is  in  porous  strata  found  at  a  depth  of  from 
400  to  800  ft.  below  the  sea  level.  The  static  level  of  the  water 
in  the  wells  penetrating  this  formation  varies  from  an  elevation' 
of  40  ft.  above  the  sea  at  Honolulu  to  22  ft.  at  Ewa  Plantation,. 
16  miles  westward.  Excessive  pumping  or  prolonged  droughts  vary- 
this  level  somewhat,  but  it  is  always  restored  quickly  on  the  cessa- 
tion of  the  affecting  conditions. 

The  islands  are  all  of  porous  stratified  lava  formed  in  layers- 
by  successive  emissions  from  the  ancient  central  cones  which  now 
form  the  simimits  of  the  islands.     The  water  supply  in  the  artesian 
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strata  near  the  sea  is  sustained  by  mountain  precipitation,  and  the 
intimate  connection  between  the  mountains  and  the  wells  is  proven 
by  the  sudden  discoloration  of  the  water  in  the  latter  some  hours 
after  heavy  rainfalls  in  the  mountains. 

The  artesian  condition  of  the  Oahu  strata  is  caused  by  a  tight 
coral  and  clay  cushion  which  rests  on  the  foreshore  and  prevents 
the  water  from  escaping  to  the  sea.  In  none  of  the  other  islands, 
owing  to  the  absence  of  this  necessary  formation,  is  artesian  water 
found,  the  pumps  being  fed  from  sumps  excavated  5  to  8  ft.  below 
:sea  level,  in  all  of  which  the  water  level  fluctuates  from  1  to  2  ft., 
corresponding  with  the  tidal  changes,  which  vary  in  this  tropical 
region  from  2  to  4  ft.  between  low  and  high  waters.  The  depth 
to  which  it  is  safe  to  lower  the  static  water  level  in  Oahu  wells  by 
pumping  has  been  tested  on  each  plantation.  The  rapid  increase 
in  salt  per  gallon  by  excessive  pumping,  and  the  consequent  lower- 
ing of  the  water  level,  forbids  extreme  practice  in  this  respect. 
The  Oahu  artesian  waters  carry  from  8  to  20  gr.  of  salt  .per  gal. 
in  normal  condition,  while  water  with  salt  as  great  as  60  gr.  per 
gal.  will  irrigate  sugar  cane  successfully.  The  pumping  stations 
are  usually  fed  by  a  series  of  12-in.  wells,  spaced  50  ft.  apart  and 
connected  by  a  larger  pipe,  with  the  suction  ends  of  the  pumps 
placed  at  as  low  a  level  as  practicable.  One  million  gallons  have 
been  pumped  out  of  each  well  thus  spaced,  and  10  wells  have  been 
found  sufficient  for  a  10  000  000-gal.  pumping  engine,  which  is  the 
general  size  of  the  unit. 

The  water  is  usually  pumped  through  a  24  or  30-in.  discharge 
pipe,  varying  with  the  size  of  the  pump  and  the  head.  Most  of  the 
water  is  delivered  below  an  elevation  of  300  ft.;  though,  in  a  few 
instances,  lifts  as  high  as  450  ft.  have  been  pumped  against.  The 
uncertain  and  fluctuating  i)rices  of  sugar,  the  cost  of  fuel,  and 
other  expenses  practically  preclude  all  profitable  pumping  above 
400  ft.  The  work  of  pumping  10  000  000  gal.  daily  to  300  ft.  ele- 
vation with  the  ordinary  pumps  in  service  will  consume  15  tons 
of  coal,  which  at  $8  per  ton,  would  mean  $120  per  day  for  fuel 
expense  alone.  The  cost  of  labor,  lubricants,  depreciation,  etc., 
have  to  be  added  to  get  the  total  cost.  Owing  to  the  extreme 
fertility  of  the  soil,  as  many  as  8  and  12  tons  of  sugar  per  acre 
are  raised,  which  yields  a  return  of  about  10  to  12%  on  the  invest- 
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ment.  Five  plantations  on  the  Island  of  Oahu,  namely  Kahiiku, 
Waialua,  Waianae,  Ewa,  Oahn  and  Honolulu,  have  a  pump  capacity 
of  287  000  000  gal.  daily,  with  a  water  horse-power  of  11  847,  and 
draw  water  from  195  wells.  Waianae  furnishes  the  novel  feature 
of  using  the  fall  in  some  gravity  water  found  in  its  high  levels 
(500  to  1400  ft.)  to  develop  power,  after  which  the  water  is  again 
used  for  irrigating  the  lands  lower  down,  while  the  power  is  trans- 
mitted to  electrically  driven  pumps  near  sea  level  to  lift  ground- 
water from  wells  to  the  150-ft.  level. 

IVTaui  comes  next,  with  a  pump  capacity  of  140  000  000  gal. 
daily,  or  6  945  h.  p.,  the  water  being  drawn  from  sumps.  Kauai 
has  55  000  000  gal.  daily  pump  capacity  with  2  033  h.  p.,  drawing 
principally  from  sumps;  while  Hawaii,  which  is  the  largest  of 
the  islands,  has  only  one  pump  of  7  000  000  gal.  capacity,  or  412  h.  p., 
pumping  from  a  shaft  and  sump. 

The  steep  slopes,  porous  soil  and  high  elevations  of  the  planta- 
tions have  prohibited  irrigation  on  the  Island  of  Hawaii,  which, 
geologically,  is  the  most  recently  formed  of  all  the  islands.  No 
flowing  surface  stream  exists  for  a  distance  of  200  miles  on  the 
coast,  from  Kohala  southerly  around  to  Hilo.  The  soil  is  of  such 
a  porous  nature  that  it  passes  the  rainfall  through  like  cinders, 
and  allows  no  surface  accumulations  of  water.  It  has  the  Vol- 
canoes Mauna  Loa  and  Kilauea  intermittently  active,  which  emit 
two  distinct  varieties  of  lava ;  "Pahoehoe,"  which  is  heavy  and 
compact,  having  sometimes  a  smooth,  glassy  and  undulating  sur- 
face; and  "A.  A.,"  which  is  of  much  less  specific  gravity  than  the 
former,  often  floating  on  its  surface  during  flows  and  breaking 
up  into  all  kinds  of  disintegrating  masses  on  cooling. 

Experience  with  the  direct-acting,  slow-moving  pump  of  the 
Worthington  type  has  not  been  encouraging.  All  new  pumps  now 
installed  are  of  the  high-speed,  fly-wheel  tjrpe,  which  consume 
much  less  coal ;  and.  where  all  fuel  has  to  be  imported  expensively, 
the  greatest  economy  in  this  direction  has  to  be  exercised.  The 
pumps  are  nearly  all  installed  in  concrete-lined  pits,  36  to  50  ft. 
square,  excavated  to  the  water  level,  while  the  boiler  plants  are 
on  the  ground  surface  above.  In  three  instances,  at  Oahu,  Kihei 
and  Kohala,  the  experiment  of  sinking  shafts  from  the  ground 
surface,  200  to  300  ft.  down  to  the  water  level,  and  excavating 
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pump  compartments  at  this  level  has  been  tried.  The  difficulties 
of  ventilation  and  the  expense  of  the  shaft  and  chamber  have 
more  than  balanced,  in  each  instance,  the  saving  of  cost  of  placing 
delivery  pipe  on  the  surface,  and  of  the  friction  loss  in  such 
pumps,  which  were  the  principal  inducements  for  installing  this 
system.  The  ground-water  in  such  a  shaft,  two  miles  from  the  sea. 
has  also  been  found  as  brackish  as  water  found  in  wells,  100  yd. 
from  the  beach. 

Outside  of  Oahu  all  pumping  has  to  be  prosecuted  very  cau- 
tiously, as  too  great  a  lowering  of  the  sump  level  will  increase 
the  quantity  of  salt  in  the  water,  running  it  up  to  100  or  200  gr. 
per  gal.,  which  renders  it  unfit  for  irrigation  purposes,  as  it  incrusts 
the  soil  with  salt  and  damages  the  cane  plants.  Owing  to  the 
great  porosity  of  the  rock  formations  and  the  heavier  specific 
gravity  of  the  sea  water,  the  tendency  of  the  latter  is  to  force  itself 
inland  where  any  vacuum  is  created  by  excessive  pumping  and 
consequent  lowering  of  ground-water. 

Gravity  Supplies. 
All  available  streams  are  now  tapped  by  ditches  on  Maui  and 
Kauai.  The  first  was  built  on  the  windward  side  of  Maui  in  1878 
by  Mr.  H.  P.  Baldwin  and  Mr.  S.  T.  Alexander.  The  next  was 
built  in  the  same  section  by  Mr.  Spreckels  in  1879-80,  under  the 
supervision  of  Mr.  H.  Schussler,  of  San  Francisco,  as  engineer.  It 
is  about  30  miles  long,  of  50  000  000  gal.  daily  capacity,  delivers 
the  water  at  an  elevation  of  250  ft.,  and  is  known  as  the  "Haiku 
ditch."  This  ditch  was  intercepted  by  a  new  work,  called  the 
"Lowry  ditch,"  in  1900,  which  delivers  the  water  at  an  elevation 
of  450  ft.  The  writer  has  just  finished  a  new  aqueduct,  known  as 
the  "Koolah  ditch,"  which  taps  all  the  Nahiku  rain  belt  at  an 
elevation  of  1 250  ft.,  and  discharges  into  the  older  and  lower 
ditches.  It  is  10  miles  long,  7i  miles  being  in  tunnel  and  24  in 
open  ditch  and  flume.  The  tunnels  are  all  in  solid  rock.  They  are 
S  ft.  wide  and  7  ft.  high,  with  a  daily  capacity  of  85  000  000  gal. 
Owing  to  the  extreme  porosity  of  the  lava  rock,  4i  miles  of  concrete 
lining,  6  in.  thick,  is  used  in  the  tunnels  to  prevent  seepage.  The 
work  was  all  done  by  Japanese  with  hand-drills;  ore  cars  were  used 
in  moving  the  excavated  materials,  and  its  finished  cost  has  been 
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-about  $7  per  lin.  ft.  The  Japanese  make  excellent  miners  and  rook 
men,  and,  owing  to  their  small  size,  it  was  practicable  to  work 
four  in  a  face,  and  by  working  three  8-hr.  shifts,  the  whole  work 
has  been  completed  in  eighteen  months  from  the  date  of  com- 
mencement, April,  1903.  There  are  38  tunnels,  each  averaging 
1  000  ft.  long,  the  shortest  being  300  ft.  and  the  longest  2  710  ft. 
The  country  was  so  steep  and  precipitous  that  little  ditching  could 
be  used,  and  it  was  necessary  to  make  4i  miles  of  wagon  road  and 
18  miles  of  stone-paved  pack  trails  to  facilitate,  during  construc- 
tion, the  transportation  of  supplies.  About  4  000  bbl.  of  cement 
and  100  000  lb.  of  giant  powder  were  used.  In  all,  ten  mountain 
streams  are  intercepted,  which  are  admitted  into  the  main  aque- 
duct through  screens  of  grizzly  bars,  spaced  |  in.  apart. 

The  Honokahau  ditch— with  30  000  000  gal.  daily  capacity- 
has  just  been  finished  on  West  Maui.  It  is  IS-jV  miles  long,  on  a 
grade  of  5  ft.  per  mile,  and  has  2  000  ft.  of  36-in.  siphon  pipes  and 
Si  miles  of  tunneling,  and  has  cost  $185  000.  It  delivers  water 
at  an  elevation  of  700  ft. 

All  the  streams  on  the  Island  of  Maui,  including  the  Waihee 
stream,  are  now  tapped  by  ditches,  previously  referred  to,  at 
Wailuku. 

The  "Hanapepe  ditch,"  Makaweli,  Kauai,  was  built  by  Mr. 
Baldwin  in  1890,  to  tap  the  stream  of  that  name.  It  has  7  040  ft. 
of  40-in.  riveted  steel  siphon  pipe,  1  013  ft.  of  tunnels,  14  618  ft. 
of  flume,  5  ft.  wide  by  40  in.  deep,  and  10  miles  of  ditching  on 
a  general  grade  of  6  ft.  per  mile,  and  carries  35  000  000  gal.  daily. 
The  use  of  wooden  flumes  in  tropical  countries  is  not  advisable, 
as  repairs  have  to  be  made  frequently,  owing  to  the  rapid  decay 
of  the  wood.  This  ditch  delivers  water  on  the  plantation  at  450 
ft.  elevation;  and  a  new  one,  just  built  and  completed  under  the 
writer's  supervision,  known  as  the  "Olokele  ditch,''  delivers  water 
at  an  altitude  of  1  075  ft.,  and  has  a  daily  capacity  of  more  than 
60  000  000  gal.  It  involves  8  miles  of  7  by  7-ft.  tunnels,  5  miles 
of  ditching,  and  it  has  cost  completed  about  $360  000.  At  one 
point  a  drop  of  228  ft.  was  obtained,  which  it  is  proposed  to  utilize 
for  electric  power  purposes  in  operating  the  plantation  mill  and 
railway.  Makaweli  Plantation  now  has  the  best  gravity  supply 
on  the   islands,  with   a  daily  minimum,   from   its  two   sources,  of 
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65  000  000  gal.  It  is  proposed,  later,  to  store  the  freshet  waters 
in  reservoirs,  and  to  use  them  as  balancing  mediums  to  restore  the 
supply  when  the  streams  run  low.  Owing  to  the  steep  land  slopes, 
6  to  15°,  it  is  very  difficult  to  select  favorable  reservoir  sites, 
except  in  the  center  or  back  of  old  volcanic  cones. 

Many  streams  have  been  diverted  and  reservoirs  made  during 
the  last  five  years  on  the  Wailuku  and  Pioneer  Plantations  on 
Maui,  the  Oahu  and  Waialua  Plantations  on  Oahu,  and  the  Ivoloa, 
Makes  and  McBryde  Plantations  on  Kauai;  but,  for  the  reasons 
before  stated,  practically  no  stream  diversion  for  irrigation  has 
been  made  on  the  largest  island,  Hawaii,  except  the  develonment 
of  water  for  cane-fluming  purposes  at  Olaa,  Pahala  and  Hutchinson. 

Ground- Water. 
The  most  novel  development  in  water  supply  has  been  the 
discovery  of  water  by  driving  tunnels  into  the  lava  formation  at 
high  altitudes  in  encouraging  localities.  It  is  very  difficult  to  pre- 
dict what  success  will  reward  any  outlay  in  this  field,  as  the  results 
are  all  problematical.  A  2  000  000-gal.  flow  has  been  developed  at 
an  altitude  nf  1  400  ft.  at  Waianae,  on  Oahu  Island,  by  a  500-ft. 
tunnel;  while  at  Lahaina  on  Maui,  at  an  altitude  of  2  600  ft.,  a 
6  000  000-gal.  daily  flow  has  been  developed  by  2  600  ft.  of  tunnel 
in  a  formation  the  exterior  surface  of  which  showed  no  signs  of 
water,  such  as  springs,  etc.,  and  this  volume  has  kept  practically 
constant  for  two  years,  fluctuating  slightly  with  the  rainfall  on 
West  Maui  Mountain,  in  its  immediate  vicinity,  3  000  ft.  higher. 
On  the  other  hand,  in  the  fifteen  miles  of  aqueduct  tunnels,  cut 
under  the  writer's  supervision  in  the  past  two  years,  no  ground- 
water in  any  quantity  has  been  intercepted  except  an  occasional 
drip  from  tunnel  roofs  through  porous  stone. 

Duty  of  Water. 
The  quantity  found  necessary  to  irrigate  each  100  acres  is 
1  000  000  gal.  of  water  per  day.  Sugar  cane  is  grown  in  furrows, 
about  5  ft.  apart,  into  which  the  water  is  turned  from  the  field 
ditches.  When  the  seed  is  newly  planted  the  water  is  turned 
on  every  3  or  4  days,  but,  after  that,  an  application  of  once  each 


IRRIGATION   IN  THE  HAWAIIAN   ISLANDS.  137 

10  days  is  considered  sufficient.  The  above  quantity,  if  applied 
uniformly  to  the  whole  surface,  would  make  a  depth  of  134  in.  in 
one  year,  excluding  rainfall  and  evaporation,  which  is  possibly  50 
in.  yearly  in  most  of  the  irrigated  properties.  It  means  the  appli- 
cation, for  a  crop  period  of  one  year  and  a  half,  of  22  800  tons  of 
water  per  acre  to  produce  50  to  SO  tons  of  cane,  which  would  appear 
to  be  excessive. 

It  is  safe  to  presume  that  leaky  reservoirs,  ditches  and  unequal 
and  wasteful  distribution  prevent  the  application  of  not  more  than 
one-third  of  this  quantity  of  water  to  the  roots  of  the  cane,  where 
its  value  would  be  utilized. 

Economies  of  various  kinds  in  the  application  of  water  are  now 
being  gradually  introduced,  which  will  enable  the  best  results  to 
be  obtained.  Nearly  all  the  water  thus  far  developed  has  been  used 
by  the  owners  on  their  own  property.  Lately,  surplus  waters  have 
been  disposed  of  to  adjacent  owners,  at  a  flat  rate  of  from  $8  to 
$10  per  1  000  000  gal.  Great  credit  must  be  given  the  American 
pioneers  who  have  developed  such  splendid  supplies  under  so  many 
adverse  conditions  in  the  past  twenty  years  in  those  remote  islands 
in  the  Pacific.  By  no  other  people,  except  perhaps  the  Mormon 
settlers  of  Utah,  has  so  much  enterprise  been  displayed,  and  so 
many  sacrifices  made  in  developing  a  non-productive  country  into 
one  of  pronounced  prosperity. 
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Sir  Thomas  Higham,  K.  C.  I.  E.,  M.  Inst.  C.  E.,  Bristol,  Eng- 
land.* (By  letter.) — The  results  attained  by  irrigation  under  British 
engineers  in  India  and  Egypt  are  so  closely  connected  that  Sir  Han- 
bury  Brown  must  be  congratulated  on  the  happy  idea  of  placing 
them  side  by  side  in  his  interesting  and  instructive  paper.  The 
most  important  difference  between  the  climatic  and  administrative 
conditions  in  the  two  countries  has  been  well  stated  in  the  opening 
paragraph,  but  a  more  concrete  idea  of  the  comparative  value  of 
irrigation  in  Egypt  and  in  India  may  be  obtained  by  a  considera- 
tion of  the  charges  actually  made  for  irrigation.  Inasmuch  as  the 
payment  of  the  land  tax  in  Egypt  conveys  a  right  to  a  water  supply, 
and  the  tax  is  entirely  remitted  in  the  event  of  a  failure  of  the 
supply,  the  rate  of  this  tax,  which  is  said  to  average  15  shillings  per 
acre,  may  be  fairly  regarded  as  the  charge  for  irrigation.  In  India 
the  charge  for  irrigation  is  not  always  taken  in  the  form  of  a 
water-rate,  payable  by  the  cultivator  on  the  area  actually  irrigated 
by  him,  and  wholly  distinct  from  the  land  revenue  demand  which 
is  payable  by  the  landlord;  in  many  cases,  this  demand  has  been 
fixed  with  reference,  among  other  things,  to  the  water  or  irrigation 
advantages,  and  no  separate  charge  is  made  for  the  use  of  the 
*  Late  Inspector-General  of  Irrigation  for  the  Government  of  India. 
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Highani.  water;  in  other  cases  the  charge  for  the  water  supply  is  taken,  partly 
in  the  form  of  a  water-rate,  which  is  recovered  from  the  occupier, 
and  partly  in  the  form  of  an  enhancement  of  the  land  revenue, 
which  is  payable  by  the  landlord.  But  whatever  variations  there 
may  be  in  the  forms  of  assessment  and  collection,  the  amount  of 
revenue  directly  due  to  irrigation  can  be  and  is  accurately  deter- 
mined, and  regularly  credited  to  the  irrigation  works  in  the  annual 
accounts.  These  accounts  show  that  the  average  charge  for  water 
supplied  by  major  works,  in  1000-01,  to  an  area  of  over  11000  000 
acres,  was  at  the  rate  of  Es.  3.5  or  4s.  Sd.  per  acre;  the  range  being 
from  Rs.  1.9  in  Sind  and  Bengal  to  "Rs.  4.8  in  the  Bombay  Deccan. 
The  average  rate  realized  on  over  2  000  000  acres  irrigated  in  the 
same  year  from  minor  works,  the  supply  from  which  is  more  irregular 
and  precarious  than  in  the  case  of  major  works,  was  only  Rs.  2.4  or 
3s.  2^d.  per  acre.  Thus  it  appears  that  the  average  rate  per  irri- 
gated acre  which  can  be  realized  in  India  is  less  than  30%  of  that 
which  is  paid  in  Egypt. 

In  the  consideration  of  this  average  rate  the  question  of  lift 
irrigation  may  be  of  some  importance.  Sir  Hanbury  Brown  claims, 
as  one  of  the  results  of  the  works  which  have  been  carried  out  in 
Egypt,  that  there  has  been  a  diminution  of  the  height  through 
which  water  has  to  be  raised  for  irrigation.  This  is  undoubtedly 
the  case,  but  it  would  be  interesting  to  know  the  total  area  for 
which  the  supply  has  to  be  lifted  (however  small  may  be  the  lift), 
as  compared  with  the  area  under  flow  irrigation,  and  the  difference 
in  the  land-tax  charges  for  lift  and  flow  irrigation.  The  water-rate 
in  India  for  lift  irrigation  is  in  some  cases  one-half,  and  in  others 
two-thirds  of  that  charged  for  flow,  and  there  is,  perhaps,  a  pre- 
ponderance of  ofiicial  opinion  in  favour  of  the  former  or  lower  of 
these  two  proportions.  The  total  area  of  lift  irrigation  on  Indian 
canals  is,  however,  so  small,  both  relatively  and  absolutely,  that  it 
may  be  left  altogether  out  of  consideration.  But  it  is  believed  that 
the  area  still  under  lift  irrigation  in  Egypt  is  very  considerable, 
and,  as  the  cost  of  lifting  has  to  be  paid,  in  addition  to  the  land  tax, 
the  price  which  has  to  be  paid  for  irrigation  in  Egypt  is  so  much 
more  than  the  15  shillings  per  acre  which  has  been  assumed  above, 
although  the  difference  is  not  paid  to  Government. 

The  author  states  that,  as  a  result  of  the  works  undertaken  since 
1884,  the  cultivable  area  of  Egypt  has  been  increased  from  5  000  000 
to  6  000  000  acres,  the  value  of  land  has  been  doubled,  and,  at  the 
same  time,  the  land  tax  has  been  reduced  from  £5  000  000  to 
£4  500  000.  in  round  figures.  This  is  a  very  striking  result,  but  one 
conclusion,  among  others,  to  be  drawn  from  it  is  that  the  Egyptian 
Government  has  not  looked  for  any  direct  return  on  the  4  millions 
of  capital  expenditure  which  has  been  incTirred,  and  that  the  whole 
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of  the  profits  of  this  new  or  improved  irrigation  has  gone  into  the  Sir  T.  Highf 
pockets  of  the  landowners,  who  have,  in  addition,  received  the  benefit 
of  a  reduction  of  half  a  million  in  the  amount  of  the  land  tax.  It  is 
also  stated  that  the  land  tax,  as  now  assessed,  is  a  little  less  than 
one-third  of  the  renting  value  of  the  land,  subject  to  a  maximum 
limit  of  £1  12  6  per  acre.  In  a  paper  by  Sir  William  Willcocks, 
which  was  read  at  the  International  Engineering  Congress  at  Glas- 
gow in  1901,  the  area  of  cultivated  land  in  Egypt  proper  is  said  to  be 
6  000  000  acres,  of  which  two-thirds  are  i-ented  at  a  mean  value  of 
£5,  and  the  balance  at  a  mean  value  of  £1,  per  acre  per  annum.  If 
the  total  amount  of  the  land  tax  were  no  more  than  4J  millions  the 
rate  would  be  a  little  more  than  one-fifth,  instead  of  a  little  less 
than  one-third,  of  the  rental.  Even  the  higher  of  these  rates  must 
appear  remarkably  moderate  to  an  Indian  administrator,  consider- 
ing that  the  whole  cost  of  constructing  and  maintaining  the  irri- 
gation works,  exclusive  of  the  arrangements  for  lifting,  is  borne  by 
the  State.  It  is  not  suggested  that  the  land  tax  might  or  should  be 
pitched  at  a  higher  rate,  for  the  Egyptian  Government  no  doubt 
takes  as  much  as  is  nece.ssary  or  expedient,  and  it  is  not  difficult  to 
find  reasons  for  leaving  to  the  owner  of  the  land  a  larger  share  of 
the  profits  of  irrigation  than  is  customary  in  India.  But  the  point 
is  that  the  cultivator  has  to  pay,  in  addition  to  the  land  tax  and  the 
cost  of  lifting,  a  net  rent*  to  the  landlord,  which  is  not  less  than 
double  the  land  tax,  that  is  to  say,  not  less  on  the  average  than  30 
shillings  per  acre.  This  is  certainly  more  than  three  times  the 
average  amount  that  an  Indian  tenant  has  to  pay  as  rent,  in  ad- 
dition to  his  water  rate,  which,  as  has  been  shown,  also  averages  less 
than  one-third  of  the  Egyptian  land  tax.  For  all  purposes  of  com- 
parison the  charges  for  land  and  water  miist  be  considered  together. 
ajid  it  is,  in  fact,  very  difficult  to  separate  them  either  in  India  or  in 
Egypt.  When  account  is  taken  of  both,  and  of  the  cost  of  lifting, 
we  are  led  to  the  conclusion  that  the  Egyptian  feUah  is  ready  to 
pay  nearly  four  times  as  much  for  an  irrigated  acre  as  the  Indiaii 
rai'yat. 

This  difference  in  what  may  be  called  the  market  value  of  irri- 
gation is,  no  doubt,  mainly  due  to  the  difference  in  the  climatic 
conditions  of  the  two  countries,  to  which  the  author  has  referred, 
but  tjiere  are  also  other  causes,  such  as  the  extraordinary  fertilizing- 
qualities  of  the  Nile  silt;  the  facility  with  which  the  produce  can  be 
conveyed  to  the  seaboard  and  to  European  markets;  the  pressure  of 
the  population  on  the  cultivable  area,  etc.  But,  whate^'er  the  causes, 
the  result  is  the  same.  The  demand  for  irrigation  in  India,  keen 
though  it  often  is  in  certain  localities  or  at  certain  seasons,  can 
never  be  as  persistent,  as  intense,  and  as  universal  as  it  is  in  Egypt, 

*  By  "  net  rent "  is  meant  the  gross  rent  less  land  tax,  but  in  practice  the  latter  is, 
of  course,  paid  by  the  landlord,  who  receives  the  gross  rent  from  the  cultivator. 
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Sir  T.  Higbam.  nor  can  the  cultivator  afford  to  pay  the  same  price  for  it.  In  India, 
irrigation  is  of  the  greatest  importance  as  a  means  of  rendering  cul- 
tivation independent  of  the  vicissitudes  of  the  seasons;  in  Egypt,  it 
is  indispensable,  for  not  merely  the  prosperity,  but  the  very  existence 
of  the  country  as  a  civilized  state  is  dependent  on  it,  and  has  been 
so  for  more  than  7  000  years.  In  India,  the  margin  for  new  works 
which  are  likely  to  prove  directly  remunerative  to  the  State  is  nar- 
rowing every  year;  in  Egypt,  it  has  not  yet  been  approached. 

Almost  all  future  extensions  of  irrigation  in  India,  with  the  ex- 
ception of  the  large  canals  that  are  still  possible  in  Northern  India 
and  in  Sind,  will  involve  the  construction  of  storage  works.  Among 
all  existing  storage  works  there  is  none  that  can  be  compared  for 
size  with  the  great  Assuan  Reservoir,  witli  its  actual  capacity  of 
35  000  million  cu.  ft.,  and  its  potential  ultimate  capacity,  pace  the 
Phil-Phylaeans,  of  70  000  m.  cu.  ft.  The  Periyar  storage  work 
(to  which  reference  is  made  on  page  10)  is  the  largest 
with  a  capacity  of  6  480  m.  cu.  ft.  The  work  was  opened  in  1896; 
in  1899  there  was  no  overflow  or  escapage  from  the  lake,  but,  in 
other  years,  the  surplus  is  estimated  to  have  averaged  10  000  m. 
cu.  ft.  Additional  storage  might  apparently  be  provided  here  with 
advantage,  but  in  years  like  1899  there  would  not  be  water  to  fill  it. 
The  next  largest  work  is  Lake  Whiting,  which  supplies  the  Nira 
Canal,  in  the  Bombay  Deccan.  This  lake  has  a  catchment  of  128 
sq.  miles,  and  a  storage  capacity  of  5  300  m.  cu.  ft.  As  it  is  situ- 
ated in  the  Western  Ghats,  where  the  rainfall  is  abundant,  the 
supply  can  be  relied  on,  but  the  lake  did  not  fill  in  1899,  owing  to  the 
unusually  early  cessation  of  the  rains;  so  that,  although  the  escape 
sluices,  which  are  kept  open  during  the  early  floods,  were  closed 
before  the  usual  date,  there  was  not  sufficient  time  to  fill  the  lake. 
The  water  at  Periyar  and  Lake  Whiting  is  held  up  by  masonry  dams, 
the  maximum  heights  of  which  are  156  and  126  ft.,  respectively, 

A  storage  work  is  now  under  construction  in  the  Mysore  State, 
the  capacity  of  which  approaches  more  nearly  that  of  the  Assuan 
Reservoir.  This  work,  known  as  the  Marikanave  Tank,  has  a  catch- 
ment of  2  075  sq.  miles,  but  within  this  area  there  are  a  great  num- 
ber of  existing  tanks  which  will  reduce  the  run-off.  The  lake  will 
have  a  capacity,  when  full,  of  30  000  m.  cu.  ft.,  and  a  water-spread 
of  over  40  sq.  miles,  and  will  be  held  up  by  a  masonry  dam,  142  ft.  in 
height,  above  the  bed  of  the  Vedavati  River,  a  tributary  of  the 
Tungabhadra.  But  it  is  estimated  that  the  tank  will  not  fill  more 
than  once  in  30  years.  The  average  annual  rainfall  is  not  more 
than  25  in.,  and  the  inflow,  due  to  such  a  fall,  will  probably  not  ex- 
ceed 10  000  m.  cu.  ft.  In  some  years,  it  may  be  much  less,  or  even 
nil.  The  reason  for  providing  a  storage  capacity  so  much  in  excess 
of  the  average  annual  inflow  is  interesting.     It  Avas  originally  pro- 
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posed  to  provide  a  capacity  of  20  000  m.  cu.  ft.,  which  would  about  S'l'  T.  Hisham, 
equal  the  inflow  due  to  an  annual  rainfall  of  30  in.,  but  there  were 
records  of  cyclonic  rainfalls,  the  run-off  of  which  would  not  only 
fill  a  tank  of  this  capacity,  biit  would  also  require  an  overflow  ca- 
pacity of  60  000  cu.  ft.  per  sec.  Such  an  escapage  could  only  be  pro- 
vided by  cutting  a  deep  channel  of  adequate  dimensions  through 
hard  rock,  and,  as  a  matter  of  arithmetic,  it  was  found  to  be  cheaper 
to  increase  the  height  of  the  dam,  and  to  place  the  bed  of  the  escape 
at  a  higher  level.  The  physical  conditions  at  this  site  are  unusually 
favourable  for  the  construction  of  a  large  storage  work  at  a  moderate 
cost  per  unit  of  capacity,  but  the  great  variation  and  irregularities 
of  the  rainfall  will  render  the  irrigating  value  of  this  work  very 
uncertain. 

These  three  storage  works  are  the  largest  and  most  important 
now  existing  or  under  construction  in  India  for  purposes  of  irriga- 
tion. Others  have  been  proposed  which  more  nearly  resemble,  both 
in  magnitude  and  type,  the  great  work  at  Assuan.  Sites  have  been 
examined  on  such  rivers  as  the  Tungabhadra,  the  Kistna,  and  the 
Cauvery,  in  Southern  India,  with  a  view  to  the  construction  of 
reservoirs,  the  smallest  of  which  would  probably  be  given  a  capacity 
of  not  less  than  30  000  m.  cu.  ft.  During  the  monsoons  of  even  the 
most  unfavourable  year,  the  surplus  or  unutilized  supplies  of  these 
rivers  would  be  ample  to  fill  reservoirs  of  the  capacity  proposed  many 
times  over,  but  the  conditions  are  much  less  favourable  than  on  the 
Nile.  During  the  first  five  months  of  the  calendar  year,  the  sup- 
plies in  these  rivers  are  normally  not  more  than  sufficient,  and  are 
often  insuflicient,  to  meet  the  demands  for  existing  irrigatioTi.  The 
rivers  are  more  or  less  in  flood  from  the  setting  in  of  the  southwest 
monsoon  in  June  to  the  close  of  the  northeast  monsoon  in  December. 
During  this  period  the  surplus  available  for  storage  is  enormous,  but 
there  are  great  variations,  not  only  in  the  absolute  amounts,  but  also 
in  the  periods  of  their  occurrence. 

For  the  Cauvery,  there  are  records  extending  over  24  years  from 
which  the  surplus  from  June  to  December  has  been  estimated  as 
\'arying  from  72  to  670  milliards  (a  milliard  representing  1000 
million  cu.  ft.),  the  average  for  the  24  years  being  about  210  mil- 
liards. The  minimum  amount  would  suflBce  to  fill  two  reservoirs 
of  the  capacity  of  that  at  Assuan  (35  milliards)  once,  but,  in  order 
to  make  the  filling  of  only  one  a  certainty,  it  would  be  necessary  to 
commence  impounding  very  early  in  the  flood  season.  Thus,  in 
1899,  the  total  surplus  available  after  July  31st  did  not  exceed  16 
milliards,  of  which  only  half  a  milliard  was  available  in  August, 
and  the  balance  in  September,  after  which  there  was  no  surplus  at 
all.  An  examination  of  the  records  shows  that  a  full  reservoir  can- 
not be  relied  on,  if  impounding  begins  later  than  July  15th.     There 
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Sir  T.jHigrham.  is  no  month  after  this  in  which  the  surphis  is  not  likely  to  fail 
absolutely,  and  there  is  also  none  in  which  high  floods  are  not  likely 
to  occur.  Conditions  in  this  respect  are  more  favourable  in  the 
case  of  the  proposed  reservoirs  on  the  Tungabhadra  and  Kistna,  as 
it  will  not  be  necessary  to  fill  the  largest  reservoirs  that  are  likely 
to  be  proposed  before  the  end  of  September,  unless  for  the  purpose 
of  high-level  irrigation.  But  it  may  be  too  late  to  fill  them  if  im- 
pounding is  deferred  until  October,  although  high  floods  sometimes 
occur  in  that  month,  and  there  is  often  a  considerable  surplus  until 
the  end  of  December. 

At  Assuan  the  high  and  heavily  silt-laden  Nile  floods  are  passed 
through  the  open  dam,  with  no  greater  heading  up  than  is  sufficient 
to  produce  the  required  velocity  through  the  under-sluices,  and  im- 
pounding does  not  begin  until  after  the  last  flood  of  the  season  has 
passed,  the  reservoir  being  filled  during  November,  December,  and 
January,  when  the  water  is  so  clear  that  the  danger  of  silting  must 
•be  regarded  as  very  remote.  On  these  Southern  Indian  rivers,  the 
flow  of  which  depends  on  the  rainfall  in  the  neighbouring  ghats, 
and  not  on  the  overflow  of  great  equatorial  lakes  more  than  1  500 
miles  away,  impounding  must  commence  long  before  the  flood  season 
is  over,  so  that  heavy  floods  will  often  have  to  be  passed  through 
full  or  nearly  full  reservoirs.  It  may  be  possible  to  pass  such  floods 
without  danger,  if  ample  sluiceway  be  given,  and  other  necessary 
precautions  be  taken,  but  it  will  be  difficult  to  prevent  very  heavy 
silting  in  the  reservoirs.  This  silting  will  not  only  shorten  the  life 
of  the  reservoirs,  but  will  also  deprive  the  water  of  its  fertilizing 
sediment.  The  author  has  shown  how  the  lands  at  the  lower  end 
of  the  chain  of  basins  in  Middle  Egypt  lost  in  productiveness  frona 
being  deprived  of  the  rich  Nile  deposit,  though  they  gained  a  better 
and  more  regular  water  supply  from  the  Ibrahimia  Canal,  and  the 
quantity  of  Cauvery  silt  deposited  by  irrigation  is  one  of  the  prin- 
cipal factors  in  the  value  of  lands  in  the  Cauvery  Delta. 

The  author  has  briefly  alhided  to  some  of  the  difficulties  con- 
nected with  storage.  These  difficulties  attend  the  construction  of 
storage  works  in  all  parts  of  the  world,  but  over  and  above  these  dif- 
ficulties certain  risks  have  to  be  faced  in  India,  which  do  not  present 
themselves  in  works  dependent  on  the  ever  regularly  flowing  Nile. 
In  the  case  of  the  smaller  works,  there  is  always  the  risk  that  in  a 
dry  year,  when  irrigation  will  be  most  urgently  needed,  the  supply 
available  within  the  catchment  will  be  below  the  full  capacity  of 
the  works;  in  the  case  of  the  larger  works  which  may  be  proposed 
on  the  great  Southern  Indian  rivers,  the  absolute  surplus  will  al- 
ways be  more  than  sufficient,  but  there  is  the  obligation  of  keeping 
the  reservoirs  more  or  less  filled  throughout  the  greater  part  of  the 
flood  season,  in  order  to  avoid  the  risk  of  the  rivers'  falling  before 
the  reservoirs  are  full. 
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tration  has  been  the  abolition  of  the  Corvee,  or  the  substitution  of 
contract  for  forced  labour  in  the  annual  silt  clearances.  This  great 
reform  has  been  rendered  possible  partly  by  the  introduction  of  a 
higher  standard  of  intelligence  and  honesty  in  the  superintendence 
of  the  clearances,  and  partly  by  the  reduction  in  the  volume  of  silt 
to  be  cleared,  which  has  been  one  result  of  the  progress  made  in 
perennializing  the  irrigation.  In  respect  to  the  latter  point,  a  few 
remarks  on  Indian  experience  may  be  made.  The  inundation  canals 
in  the  Punjab  and  in  Sind,  which  are  mere  open  cuts  drawing  their 
supplies  from  the  Eiver  Indus  or  its  tributaries  during  the  flood 
season,  almost  invariably  silt  heavily,  and  the  annual  clearances  of 
their  head  channels  form  the  most  important  factor  of  the  cost  of 
maintaining  these  irrigation  systems.  Annual  silt  clearances  are, 
however,  almost  unknown  on  the  great  perennial  canals,  although 
there  are  heavy  silt  deposits  in  many  of  them  during  the  flood  or 
monsoon  season.  The  inundation  canals,  which,  in  this  respect, 
are  the  counterparts  of  the  feeder  channels  which  supply  the  basins 
on  the  Nile,  cannot  work  after  the  river  falls,  and  are  then  closed 
for  the  silt  clearances  which  will  enable  them  to  run  in  the  following 
monsoon.  But  on  perennial  canals  the  whole  of  the  clear  cold- 
weather  supply  of  the  river  is  diverted  into  the  canals  by  the  head- 
works,  and,  if  run  in  strong  flushes,  picks  up  and  carries  forward 
the  silt  that  has  been  deposited  by  the  heavily  silt-laden  monsoon 
supplies.  Some  of  this  is  deposited  in  the  tails  of  the  branch  canals, 
or  in  the  distributaries,  and  small  clearances  are  occasionally  re- 
quired on  these,  which,  however,  cost  little  and  present  no  difficulty. 
But  on  all  these  perennial  canals,  with  but  one  or  two  exceptions, 
silt  clearances  at  the  head,  either  with  dredgers  while  the  canal  is 
running,  or  by  spade  and  basket-work  during  closures,  is  practically 
unknown.  A  notable  case  is  that  of  the  Sirhind  Canal  in  the  Pun- 
jab. This  canal,  which  was  opened  in  November,  1882,  was  designed 
to  carry  a  maximum  supply  of  6  000  cusecs,  in  a  main  line,  40  miles 
in  leng-th,  with  a  bed  width  of  200  ft.,  and  a  bed  inclination  of  1  in 
8  000.  It  was  found  that  silt  was  deposited  to  an  alarming  extent 
during  May,  June,  and  July,  that  the  deposit,  which  was  generally 
at  a  maximum  at  the  end  of  July,  remained  more  or  less  constant 
during  August  and  September,  but  that  the  greater  part  of  it  was 
scoured  away  by  the  full  supplies  of  clear  water  which  were  run 
during  October,  November,  and  December.  From  January  to  April 
very  little  scour  was  eflfected,  and,  in  May,  silt  deposit  began  afresh. 
This  cycle  was  continued  year  after  year  until  1893,  but,  as  a  matter 
of  fact,  the  silt  had  been  gradually  growing,  the  quantity  scoured 
away  in  one  scour  season  being  always  somewhat  less  than  the 
quantity    deposited    in    the    preceding    silting    season.     Local    con- 


146  DISCUSSION   ON   IRRIGATION. 

Sir  T.  Higham.  ditions  woiilcl  liave  rendered  any  attempt  to  redress  the  balance  by 
means  of  dredging  very  difficult  and  expensive,  and  it  was  eventually 
decided  to  try  the  effect  of  closing  the  canal  entirely  during  May. 
June,  and  Jiily,  1893,  so  as  to  eliminate  altogether  one  silting  season. 
The  experiment  was  made  with  some  hesitation,  as  it  was  likely  to 
involve  the  entire  loss  of  the  crops,  sugar-cane,  cotton,  rice,  etc., 
which  are  sown  during  this  period  of  the  year.  Tortunately,  thi« 
result  did  not  follow,  for  there  happened  to  be  very  unusual  rainfall 
at  the  most  critical  times,  and.  the  usual  sowings  were  successfully 
completed  without  the  help  of  canal  water.  During  the  closure 
there  was,  for  the  first  time  since  the  canal  had  been  opened,  a  clear- 
ance by  basket-work  of  a  certain  amount  of  silt  which  had  accu- 
mulated in  a  very  awkward  place,  and,  in  the  following  cold  weather, 
certain  works  "were  remodelled  with  the  general  object  of  strength- 
ening the  tendency  to  scour,  and  of  weakening  the  tendency  to  silt, 
so  as  to  balance  the  one  more  effectually  against  the  other.  The 
head  regulator,  which  had  been  originally  designed  to  draw  off  the 
supply  at  the  bottom  of  the  vents,  was  altered  so  as  to  take  in  top 
water,  and  the  capacity  of  an  escape  which  had  been  constructed  in 
the  twelfth  mile  was  increased,  so  that  strong  flushes  of  clear  water, 
greatly  in  excess  of  the  actual  demand  for  irrigation,  might  be 
passed  down  to  this  point,  whenever  the  water  was  available,  the 
excess  being  passed  out  at  the  escape.  The  measures  taken  proved 
successful ;  the  canal  is  sometimes  closed  for  24  hours  or  more  during 
the  passage  of  very  dirty  floods,  but  otherwise  it  has  been  run  regu- 
larly whenever  there  has  been  a  demand,  and  after  eight  years'  work- 
ing the  quantity  of  silt  in  the  bed  at  the  end  of  the  silting  season 
was  less  than  had  ever  been  recorded.  The  tendency  of  this  canal 
to  silt  has  caused  great  anxiety,  and  still  requires  close  watching  and 
careful  regulation,  biit  apart  from  the  special  expenditure  incurred 
in  1893-94,  hardly  a  rupee  has  been  spent,  either  before  or  since  that 
year,  in  removing  silt  from  the  main  canal;  reliance  is  placed  en- 
tirely on  the  scouring  efficiency  of  the  clear-water  flushes  during 
the  cold  weather. 

The  only  other  work  on  which  much  trouble  has  been  experienced 
with  silt  in  the  head  reach  is  the  Sone  Canal  in  Bengal.  On  this 
canal  the  silt  deposits  have  been  so  heavy  as  to  interfere  not  only 
with  the  supply,  but  also  with  navigation,  and  to  necessitate  annual 
clearances,  which  were  partly  effected  by  hand  during  closures,  but 
mainly  by  expensive  dredging  when  the  canal  was  in  flow.  Up  to 
about  ten  years  ago  the  annual  charges  for  dredging  on  this  canal, 
including  repairs  of  the  plant,  but  not  interest  and  depreciation 
charges  on  its  cost,  averaged  over  £5  000,  but  they  have  since  been 
reduced  to  about  £900,  by  the  adoption  of  measures  similar  to  those 
which  were  taken  on  the  Sirhind  Canal.     The  cost  of  hand  clear- 
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ances  has  also  been  materially  rcMluccd.  and  most  of  the  silt  is  now  sirT.  Higham. 
removed  by  strong  scouring  Hushes  during  the  cold  weather.  On 
the  Orissa  Canals  an  expenditure  of  about  £1  000  per  anmmi  is  also 
incurred  on  silt  clearances  in  the  head  reaches,  but  with  these  ex- 
ceptions the  cost  of  such  clearances  on  the  perennial  canals  is  prac- 
tically nil.  It  can  hardly  be  doubted  that  the  extension  of  perennial 
irrigation  in  Egyi^t  will  lead  to  a  fiirther  great  reduction  in  the 
volume  of  the  clearances,  and  that  the  clear  water  collected  in  the 
Assuan  Reser^"oir  will  do  a  great  part  of  the  work  which  was  for- 
merly carried  out  under  the  barbarous  Corvee  system. 

The  efficiency  of  a  canal  depends  very  much  on  the  degree  of 
perfection  attained  in  its  distributary  system.  When  irrigation 
works  were  first  undertaken  in  iSTorthern  India,  it  was  considered 
sufficient  for  the  Government  to  eonstriict  the  main  canal  and  a  few 
branches  (the  latter  with  a  capacity  seldom  less  than  500  cusecs.), 
and  to  leave  it  to  the  villages  concerned  to  make  their  own  water- 
covirses,  some  of  which  were  of  considerable  size,  and  many  miles  in 
length.  The  great  disadvantages  of  this  system  were,  however,  soou 
apparent,  and  little  time  was  lost  in  providing  each  canal  with  a 
system  of  "rajbahas,"  or  small  service  canals,  with  capacities  vary- 
ing generally  from  20  to  150  cusecs.,  which  took  off  from  suitable 
points  on  the  main  canal  or  the  branches,  and  were  carried  out, 
right  and  left,  into  the  countrj^  following  the  minor  ridges.  The 
village  water-courses  took  off  from  these  rajbahas,  and,  in  course  of 
time,  all  outlets  in  the  banks  of  the  main  canal  and  principal 
branches  were  removed.  Even  so  it  was  fo\ind  that  the  water- 
courses, or  private  channels,  were  of  inconvenient  size  and  length, 
and,  what  was  more  objectionable,  that  the  water-course  of  one 
village  had  to  be  carried  through  the  lands  of  another.  Many  of 
the  rajbahas  on  the  new  canals  were  also  of  greater  size  than  was 
formerly  considered  expedient,  the  capacity  of  some  ranging  from 
300  to  400  cusecs.  It  was  thus  found  desirable  to  provide  all  but 
the  smallest  rajbahas,  or,  as  they  are  often  called,  all  "major  dis- 
tributaries," with  a  number  of  "minors,"'  or  subsidiary  distribu- 
taries, with  capacities  varying  from  5  to  20  cusecs.,  which  took  oft" 
right  and  left  from  the  parent  rajbaha,  and  carried  the  distribution 
further  afield.  This  system  was  first  carried  out  on  an  extensive 
scale  on  the  Sirhind  Canal  in  the  early  Eighties,  the  general  prin- 
ciple being  that  the  minors  should  convey  water  to  the  boundary  of 
every  irrigating  village  which  was  not  itself  traversed  or  bordered 
by  the  parent  rajbaha,  and  should  be  so  aligned  that  the  length  of  no 
water-course  shovild  greatly  exceed  one  mile.  The  heads  of  the 
village  water-courses,  or  "oiitlets,"  were  placed  sometimes  on  the 
itoinors,  and  sometimes  on  the  parent  rajbaha,  as  convenient. 

The  extension  of  this  system  has  led  to  a  great  increase  in  the 
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Sir  T.  Higham.  mileage   of  distributing   channels   for  the   construction    and   main- 
tenance of  which  the  Government  is  responsible,  but  it  has  reduced 
pro  tanto  the  expenses  of  the  cultivators,  and  the  greater  economy 
in  distribiition  which  has  resulted  is  well  worth  the  extra  cost.     On 
the  more  recently  constructed  canals  the  principle  of  maintaining 
control  over  the  distributary  system  as  long  as  possible  has  been 
carried   still   further,   and   the   canal   officers   have   undertaken   the 
alignment,  grading,   and  even  the  construction  of   all  the  village 
water-courses,    the    actual   cost   of   construction   only   being   subse- 
quently recovered  from  the  cultivators  by  easy  instalments.     The 
practice  on  the  Chenab  Canal,  which  is  now  followed  in  all  cases 
when  irrigation  is  extended  into  Crown  waste  lands,  deserves  notice. 
Sir  Hanbury  Brown  has  stated  how  these  lands  have  been  divided 
on  the  ground  into  squares  of  1 100  ft,  side,  each  square  constituting 
a  peasant  holding  of  neai'ly  28   acres,  being  demarcated  by   four 
corner  blocks,  with  their  upper  surfaces  nearly  flush  with  the  ground 
surface.     The  reduced  levels  of  tliese  surfaces  and  of  points  mid- 
way between  them  are  determined  by  native  surveyors,  and  from  the 
levels  thus  taken  at  550-ft.  intervals  a  large-scale  contoured  map 
of  the  whole   area  is  prepared.     On  these  maps,   upon  which  the 
squares  or  future  holdings  have  also  been  plotted,  the  engineers  first 
lay  down  the  traces  of  the  major  and  minor  distributaries.     The 
holdings  or  squares  are  then  divided  into  groups,  and  to  each  group 
is  assigned  its  own  water-course,  the  grading,  alignment,  and  ca- 
pacity of  which  are  shown  on  the  plan,  and  are  so  arranged  that 
every  square  in  the  group  shall  be  brought  under  effective  command. 
The  natural  drainage  lines,  as  indicated  by  the  contours,  are  ako 
laid  down  on  the  map,  and  each  forms  the  boundary  of  irrigation 
from  the  distributaries  or  water-courses  to  the  right  and  left  of  it. 
It  is  a  cardinal  principle  that  no  water-course  should  cross  a  drain- 
age line,  and  a  certain  width  along  all  well-defined  drainage  lines  is 
reserved   as   common   land,   so   that  the  drainage  may  not  be  ob- 
structed by  cultivation.     Finally,  the  boundaries  to  be  given  to  the 
new  villages  are  laid  down  on  the  maps.     A  village  usually  com- 
prises from  100  to  200  squares,  and  is  normally  bounded  on  one  side 
by  a  distributary,  following  a  ridge  line,  and  on  the  other  by  a 
drainage  line,  the  transverse  boundaries  being  laid  down  as  most 
convenient.     A  copy  of  the  map  is  then  made  over  to  the  civil  officer, 
who  arranges  for  the  introduction  of  colonists,  allotment  of  holdings, 
etc.,  the  canal  officer  proceeding  in  the  meanwhile  with  the  con- 
struction  of  the  distributaries   and   water-courses,   so  that   by  the 
time  a  settler  arrives  ever3i;hing  is   ready  for  delivering  water  to 
his  holding.     Thus  the  distributaries,  the  cultivators'  water-courses, 
and  the  village  boundaries  are  all  aligned,  the  village  sites,  roads 
and  common  lands  are  all  located,  primarily  with  reference  to  the 
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ground  contours,  and  so  as  to  afford  the  greatest  facilities  for  irri-  SirT.  iiigham. 
gation  and  drainage.  When  irrigation  is  extended  to  villages  al- 
ready in  existence  the  canal  officer  has  not,  of  course,  so  free  a  hand 
in  controlling  the  arrangement  of  the  network  of  distributing  chan- 
nels, and  must  be  content  with  the  nearest  approach  to  the  ideal 
standard  that  may  be  possible.  The  main  point  is  to  keep  the 
supply  undivided  and  under  the  canal  officer's  control  as  long  as 
possible,  so  as  to  minimize  the  waste  and  loss  which  occur  after  the 
water  has  passed  into  the  consumers'  water-courses. 

As  stated  in  the  paper,  great  storage  works  are  required  for  any 
considerable  extension  of  irrigation  in  the  tracts  which  are  most 
exposed  to  famine.     Much,  however,  still  i-emains  to  be  done  in  the 
construction  of  canals  that  will  draw  unfailing  and  perennial  sup- 
plies from  the  snow-fed  rivers  of  the  Punjab.     A  perennial  canal 
from  the  left  bank  of  the  Indus,  which  will  reclaim  the  large  desert 
tract  known  as  the  Sind  Sagur  Doab  still  remains  to  be  constructed, 
but  this  project,  important  as  it  is,  must  be  regarded  as  much  less 
promising  than  the  great  Upper  Jhelam  and  Chenab  scheme,  which 
is  now  being  estimated  for  in  detail,  and  will  probably  be  the  next 
work  undertaken  in  this  province.     Of  the  five  great  tributaries  to 
the  Indus  from  which  the  Punjab  derives  its  name,  as  "the  land  of 
the  five  rivers,"  the  three  most  westerly  are  the  Jhelam,  the  Chenab, 
and  the  Ravi,  from  the  left  banks  of  which  have  been  taken  off  the 
three  canals  known  respectively  as  the  Jhelam,  the  Chenab,  and  the 
Bari  Doab  Canals.  Up  stream  from  the  two  former,  and  down  stream 
from  the  last,  there  are  large  tracts  to  which  irrigation  can  be  most 
advantageously  extended,  but  the  existing  canals   already  exhaust 
the  cold-weather  supplies  of  the  Chenab  and   the  Havi,   and  new 
canals  for  which  supplies  could  be  relied  on  only  during  the  mon- 
soons would  not  be  remunerative.     On  the  Jhelam,  however,  there 
is  a  cold-weather  sui-plus  which  would  ordinarily  be  sufficient  for  the 
cold-weather  irrigation  of  the  three  tracts  referred  to.     It  is  pro- 
posed, therefore,  to  tap  the  Jhelam  River  some  miles  above  the  head 
of  the  present  Jhelam  Canal,  and  to  divert  its  cold-weather  surplus 
into  the  Chenab  by  a  feeder  canal,  which  will  skirt  or  pass  through 
a  range  of  low  hills,  and  will  irrigate  a  considerable  area  between 
the  two  rivers.     The  Chenab  River,  with  its  supply  thus  reinforced, 
will  also  be  tapped  some  miles  above  the  headworks  of  the  present 
Chenab  Canal,  by  a  large  new  canal,  which  will  irrigate  a  tract  out- 
side, or  to  the  south,  of  the  present  Chenab  Canal  tract,  and  will 
then  be  continued  across  the  River  Ravi   (which  will  probably  be 
crossed  by  a  siphon)  into  the  lower  part  of  the  tract  lying  between 
the  Ravi  and  the  Sutlej  Rivers.     This  bold  scheme  is  likely  to  cost 
not  less  than  £5  000  000,  but  it  is  anticipated  that  nearly  2  000  000 
acres  will  be  irrigated  annually.     If  the  capital  cost  does  not  exceed 
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SirT.  Higham.  £3  per  acre  annually  irrigated,  the  work  should  prove  directly  re- 
munerative as  a  financial  investment,  irrespective  of  all  other  ad- 
vantages which  will  result  from  its  construction. 

Gen.  Rundall.  GENERAL  F.  H.  EuNDALL.  C.  S.  I.,  K.  E.,  Llanbedr,  North  Wales.* 

(By  letter.) — The  following  remarks  are  submitted  by  the  writer, 
whose  experience  of  30  years  in  India  enables  him  to  confirm  very 
much  of  the  contents  of  Sir  Hanbury  Brown's  paper,  especially  as 
regards  the  irrigation  works  in  India.  He  has  also  a  slight  acquaint- 
ance with  some  of  the  works  in  Egypt,  having  been  summoned  dur- 
ing the  viceroyalty  of  the  late  Ishmael  Pasha  to  inspect  the  Barrage 
across  the  Nile  at  Cairo,  then  in  a  precarious  condition,  and  to  ad- 
vise remedial  measures. 

The  general  summary  as  regards  India  gives  a  good  idea  of  the 
various  large  works  already  in  operation.  The  enormous  size  of  tlie 
Delta  works  in  the  Madras  Presidency,  with  their  simple  construc- 
tions, testifies  to  the  boldness  of  their  chief  designer,  while  their 
economy  of  construction  and  efficiency  in  working  have  not  yet  been 
equalled  in  any  other  country.  There  is  one  peculiarity  in  their 
design  which  has  not  been  touched  upon  in  Sir  Hanbury  Brown's 
paper,  and  that  is  the  construction  of  facilities  for  navigation  with 
irrigation.  It  seemed  almost  impossible  to  persuade  the  Government 
of  India,  in  that  day,  of  the  importance  of  cheap  water-carriage; 
and  it  was  with  difficulty  that  such  a  combination  was  sanctioned 
in  some  of  the  subsequent  works  in  Upper  India.  The  success 
which  has  followed  the  Madras  Delta  systems  was  not  attained  in  a 
similar  degree,  and  the  great  "Chenab"  works,  described  on  pages 
12  and  13,  have  been  totally  unprovided  for  with  water  transit. 
Consequently  the  cry  has  been  raised  that  while  the  OTitput  from  the 
irrigation  works  has  been  enormous,  no  provision  has  been  made  to 
carry  away  the  surplus  produce !  A  remedy  has  now  been  proposed, 
viz.,  to  provide  a  railway  through  the  heart  of  the  irrigated  tract 
for  the  purpose. 

In  the  report  whieli  was  origiiially  drafted  in  1874  by  the  In- 
spector General  of  Irrigation,  in  obedience  to  the  order  of  the 
Government  of  India,  en^unerating  the  series  of  projects  which  still 
remained  to  be  carried  out,  the  necessity  for  combining  navigation 
with  irrigation  was  not  forgotten;  but  at  the  time,  the  Chenab 
scheme,  together  with  several  others,  was  looked  upon  as  much  too 
large  and  grand  to  be  attempted,  and  so  when  finally  plans  and 
estimates  were  ordered  to  be  prepared  for  that  scheme,  the  original 
suggestion  for  a  combination  of  navigation  works  was  omitted. 

It  is  necessar.y  here  to  remark  that  the  proposal  for  navigation 
works  was  never  to  be  restricted  to  isolated  schemes,  but  a  great 
highway   was   contemplated   which   should    be   connected    with    the 
*  Late  Inspector-General  of  Irrigation  for  the  Government  of  India. 
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various  lines  already  partially  ready,  and  which  should  eventually  Gen.Rundaii. 
reach  the  sea  at  the  Port  of  Calcutta,  from  whence  the  surplus 
produce  of  all  the  intermediate  systems,  after  distribution  en  route, 
could  be  exported.  Whether  in  the  future  this  great  line  of  inter- 
communication by  inland  waterways  will  be  undertaken,  it  is  im- 
possible to  predict. 

Had  America  been  as  slow  in  her  appreciation  of  cheap  carriage, 
the  great  projects  of  improved  communications  which  have  of  late 
years  been  proposed  (quite  irrespective  of  the  immediate  financial 
return,  by  abolition  of  all  tolls,  the  far-sightedness  of  the  American 
Government  looking  for  their  returns  from  the  general  increasing 
prosperity  of  the  country),  would  probably  have  never  seen  the  lighc. 
Hence  it  is  quite  within  the  limits  of  possibility  that  the  Government 
of  India  may  similarly  awake  to  the  necessity  of  providing  a  grand 
line  of  water  communication  from  the  Ohenab  to  the  sea. 

The  original  idea  of  providing  water  for  irrigation  only,  over 
large  tracts  in  India,  took  no  account  of  pi'oviding  for  drainage  at 
the  same  time,  and  consequently  on  the  Ganges  Canal  the  soil  be- 
came water-logged,  the  distributaries  having  been  aligned  across 
the  depressions  on  the  line.  This  defect  was  subsequently  altered, 
and,  in  subsequent  projects,  received  due  consideration. 

In  deltas  where  the  rivers  run  on  the  highest  level,  and  the  high 
floods  overtop  the  natural  banks,  artificial  levees  have  been  raised 
as  on  the  Mississippi. 

The  financial  success  of  the  various  works  estimated  from  the 
receipts  of  water  rates  alone,  and  considered  to  be  the  main  point 
in  regulating  the  supply  of  funds  for  the  cost  of  new  works,  was 
another  of  the  fallacies  of  the  Government;  at  least,  the  increased 
prosperity  of  the  population,  gauged  by  the  increase  of  the  general 
revenue,  was  never  credited  or  attributed  as  the  result  of  the  works. 
Since  the  advent  of  Lord  Curzon  to  the  Viceroyalty,  this  short- 
sighted policy  has  been  set  aside  and  the  word  has  gone  forth  that 
henceforth  the  construction  of  new  works  is  not  to  be  restricted  to 
the  value  of  the  water  rate  only.  It  is  therefore  hoped  that  the 
more  enlightened  policy,  such  as  has  guided  the  American  Govern- 
ment in  the  improvement  of  their  waterways,  will  be  carried  out. 

In  designing  irrigation  schemes  on  a  large  scale,  therefore,  the 
five  following  points  must  always  be  considered: 

1. — The  requisite  qiiantity  of  water  for  irrigation; 

2. — Drainage  for  the  disposal  of  such  water  after  the  crops  have 
been  supplied; 

3. — ^N'avigation  of  the  cheapest  kind  (free  from  tolls,  if  possible) 
for  the  conveyance  of  suri)lus  produce; 

4. — In  the  case  of  delta  schemes,  protection  from  flood  by  em- 
bankments ; 
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GeD.Rundali.  5. — In  estimating  the  returns  on  the  capital' expenditure,  the 
effect  on  the  general  prosperity  of  the  inhabitants  of  the  irrigated 
tracts  and  not  the  mere  value  of  the  water  rate  should  he  considered. 

There  is  an  error  in  Table  1,  in  the  figures  shown  in  the  first 
column  for  Bengal. 

The  area  of  food  grains  insured  by  the  canal  schemes  should  be, 
at  the  least,  2  000  000  instead  of  only  650  000  acres. 
Mr.  Grant.         C.  J.  Graxt,  Assoc.  M.  Inst.  C.  E.,  Mildura,  Victoria.  (By  let- 
ter.)— Quoting  from  the  paper  on   "Irrigation  under  British  En- 
gineers" by  Sir  Hanbury  Brown : 

The  problem  "To  secure  an  economical  and  just  distributioii 
of  the  water"  (page  21)  was  solved  "mainly  by  an  impartial  and 
rigid  •  application  of  a  well-considered  rotation  programme"  (page 
22),  by  so  doing  "a  high  'duty'  has  been  got  out  of  the  water"  (page 
22).  "The  land  tax  *  *  *  is  fixed  at  a  little  less  than  one-third 
of  the  renting  value  of  the  land,  subject  to  a  maximum  rate  of 
£1  12  6  an  acre.  The  average  land  tax  is  15  shillings  an  acre"  (page 
4).  "It  is  water  that  is  wanting,  and  to  find  it  is  the  present-day 
Soudan  question"  (page  31).  "The  allowance  of  water  for  cotton 
should  be  1  000  cu.  ft.  per  diem  per  acre  of  crop,  and  for  rice  double 
that  amount  (page  22). 

These  statements  show  that  the  great  irrigation  problem  of  the 
Soudan  is  the  finding  of  ample  water  for  the  land  available;  that 
the  extension  of  irrigation  is  not  limited  by  the  area  of  land,  but  by 
the  amount  of  water  available;  that  careful  observations  have  been 
made  of  the  actual  requirements  of  various  crops;  and  that,  by 
efiicient  control  of  the  water  during  distribution,  high  duties  have 
been  obtained. 

This  all  tends  toward  economy  in  the  distribution  of  water,  but 
the  method  of  charging  per  acre  is  not  consistent  with  rigid  economy 
in  its  use  by  individual  consumers.  Actual  measurement  of  the 
amount  of  water  supplied  to  irrigators  and  charge  according  to 
measurement  are  essential  to  rigid  economy  in  the  use  of  water. 
With  actual  measurement,  the  irrigator  knows  the  amount  of  water 
he  uses,  and  thus  is  enabled  to  work  in  a  more  scientific  manner. 
Over-watering,  often  harmful  in  itself,  is  largely  due  to  a  lack  of 
knowledge  of  the  amount  of  water  iised.  With  an  average  water 
rate  of  15  shillings  per  acre,  the  value  of  preventable  waste  would 
speedily  repay  the  cost  of  installation  and  maintenance  of  a  system 
of  measurement,  local  experience  going  to  show  that  meters,  suit- 
able for  the  measurement  of  streams,  usually  handled  during  dis- 
tribution, can  be  installed  for  a  sum  covered  by  the  savings  effected 
in  from  two  to  three  years. 

The  water  saved  could  be  applied  to  further  areas  of  land,  the 
increased  value  of  which  woiald  be  very  great  compared  with  the 
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cost  of  measurement,   and   in  this  way  fvirther  millions  could  be  ^i'"-  Gi'ant. 
added  to  the  value  of  landed  property  in  Egypt. 

Michael  Elliot,  Assoc.  M.  Inst.  C.  E.,  Melbourne,  Victoria.  Mr.  Eiiiot. 
(By  letter.) — The  writer's  experience  of  Egypt  and  its  irrigation 
works  dates  back  to  1S80  and  extends  to  1884,  at  which  date  Sir 
Hanbury  Brown's  experience  began.  At  the  close  of  the  Nile 
Expedition  of  1884-85,  in  which  the  writer  had  the  honour  to  take 
part,  it  was  his  impression  that  Egypt  was  a  doomed  country. 

It  is  pleasing  to  know  from.  Sir  Hanbury  Brown's  paper  and 
other  sources  that  so  much  has  been  accomplished  by  British  en- 
gineers and  to  tender  to  him  and  others  hearty  congratulations  on 
the  success  of  a  noble  work  carried  out  with  indefatigable  energy 
and  honesty  of  purpose. 

The  author  might  have  made  some  reference  to  those  engineers 
who  had  proposed  the  works  which  he  has  had  the  opportunity  to 
carry  out.  It  must  be  evident  to  him  that  without  the  British  occu- 
pation of  the  country,  it  would  have  been  impossible  to  have  ac- 
complished anything.  He  must  be  aware  that  Sir  John  Fowler 
proposed  to  strengthen  the  Nile  Barrage  in  the  Seventies;  also,  that 
storage  on  the  Nile  was  discussed  vigourously  before  1884.  The 
debate  as  to  the  Wady  Rayan  storage  and  the  dam  on  the  Nile  at 
Assouan  had  been  going  on  for  years  previous  to  1884. 

In  the  writer's  opinion,  which  is  expressed  with  due  deference, 
there  should  have  been  either  no  Philne,  or  else  no  Assouan  Dam, 
When  it  was  decided  to  maintain  the  Temple  of  Philse,  a  fresh  site 
should  have  been  sought  for  the  reservoir,  and  a  better  site  could 
have  been  obtained  at  Wady  Haifa.  The  writer  has  often  viewed 
the  Nile  from  the  then  terminus  of  the  Haifa  and  Khartoum  Rail- 
way and  thought  what  a  favourable  site  for  storage  it  formed.  Of 
course,  these  impressions  may  be  unsound,  when  compared  with 
results  obtained  by  surveys. 

The  writer  was  always  unfavourably  im.pressed  by  the  Wady 
Kayan  project  and  is  more  so  after  reading  the  paper  stating  that 
the  reservoir  is  only  capable  of  holding  an  available  supply  of 
2  000  000  or  3  000  000  cu,  m.  above  draw-off  level.  The  loss  by 
evaporation  and  other  causes  would  be  considerable,  and  it  is  only 
reasonable  to  ask  whether  there  would  be  anything  left? 

Judging  from  the  statement  on  evaporation,  made  in  the  paper, 
it  appears  highly  probable  that  very  little  of  the  3  000  000  cu.  ft. 
stored  would  reach  the  cultivator. 

The  author  does  not  furnish  any  statement  of  cost  of  this  work, 
but  from  the  writer's  recollection  it  would  be  very  considerable,  and 
it  is  possible  that  more  profitable  sites  will  be  found  on  the  river 
itself. 

As  to  the  Nile  Barrage  itself,  it  is  well-located,  well-designed, 
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Mr.  Elliot,  and  well-built,  and  reflects  the  highest  credit  on  all  concerned,  ex- 
cept as  to  the  previous  reservations. 

In  reference  to  the  Assiout  and  Zifta  Barrages,  there  is  an  open- 
ing for  expression  of  opinion.  One  cannot  be  sure  that  the  heavy 
masonry  superstructure  is  the  best  design  for  a  class  of  work  neces- 
sary to  hold  up  a  head  of  9  ft.  9  in.  Before  going  further  the 
writer  must  praise  with  unstinted  measure  the  design  of  the 
foundation,  and  would  like  fuller  information  on  the  design  of  the 
iron  piles  and  the  manner  of  grouting  the  joints. 

After  the  foundations,  the  design  could  be  improved  by  making 
the  superstructure  of  iron  framing,  so  as  to  convey  the  pressiire  to 
the  foundations  vertically  instead  of  maintaining  it  horizontally 
against  the  superstructure.  This  design  would  be  more  economical 
and  would  reduce  considerably  the  pressure  on  the  foundations. 

Sir  Hanbury  Brown's  remarks  relative  to  storage  in  the  Vic- 
toria Nyanza  are  of  great  interest.  That  nine-tenths  of  the  rain 
falling  on  the  lake  itself  is  dispersed  by  evaporation  and  absorption 
is  somewhat  startling  and  disappointing.  Turning  up  old  accounts 
by  explorers,  the  writer  finds  that  exactly  the  same  amount  is  stated, 
viz.,  4.4063  ft.  falling,  3.9371  ft.  evaporated.  It  would  be  interest- 
ing to  know  whether  these  figures  have  been  verified  by  recent  ob- 
servations, and  over  what  periods  the  rainfall  and  discharge  of  the 
lake  has  been  gauged. 

The  lake  is  stated  to  cover  an  area  of  26  000  sq.  miles  and  the 
catchment  three  times  that  area,  which  makes  a  total  catchment 
of  104  000  sq.  miles,  forming  an  enormous  catchment  with  a  very 
fair  rainfall.  The  writer  has  not  been  able  to  ascertain  whether 
the  Victoria  Nyanza  is  deep  or  shallow,  and  it  would  be  interesting 
to  know  what  effect  a  considerable  reduction  in  its  area  would  have 
on  the  discharge  of  the  Nile. 

Suppose,  for  instance,  a  discharge  outlet  was  constructed  at  the 
Ripon  Falls  and  the  lake  gradually  drained  down.  For  a  number  of 
years  the  supply  in  the  Nile  would  be  augmented,  and,  eventually, 
the  evaporation  caused  by  the  lake  would  be  decreased.  These  sug- 
gestions are  made  without  any  data,  and  can  only  be  valued  as  such. 

In  reference  to  the  "Sadds"  area,  would  it  not  be  possible  to 
plant  these  with  trees,  such  as  the  willow,  or  other  vegetation,  that 
will  thrive  in  a  wet  soil.  There  is  a  tree  in  Australia,  called  the 
Ti-Tree,  which  grows  luxuriantly  in  swamp  and  would  form  a  dense 
growth  which  would  catch  the  detritus  and  pi'obably  raise  a  bank 
by  this  means. 
Prof . Chatter-  ALFRED  Chattertox,  Assoc.  M.  Inst.  C.  E.,  Madras,  India.-— 
The  papers  on  this  subject,  as  presented  to  this  Congress,  deal  with 
irrigation  in  the  United  States,  France,  India,  Java,  Egypt  and 
*Prof..  College  of  Eng.,  Madras,  India. 
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Hawaii,  and  contain  much  information  that  is  both  useful  and  in-  Prof.  Chatter- 
teresting  to  irrigation  engineers.  Obviously  it  is  impossible  to  dis- 
cuss them  in  detail,  and  the  remarks  of  the  speaker  will  be  confined 
to  principles  and  points  of  general  interest  which  underlie  all  irri- 
gation practice.  Local  conditions,  physical,  econotnic  and  political, 
exercize  a  controlling  influence  over  the  design  of  irrigation  works 
and  the  engineer  can  only  be  completely  successful  who  brings  to 
his  work  a  thorough  knowledge  of  the  circumstances  under  which 
it  is  to  be  carried  out  and  a  clear  idea  of  the  agricultural  needs  of 
the  commimity  for  whose  benefit  it  will  subsequently  be  operated. 
Similarly,  criticism  without  such  knowledge  loses  much  of  its  force, 
and  it  is  hoped  that  the  present  opportunity  will  be  taken  to  bring 
forward  for  discussion  some  of  the  more  urgent  problems  in  irri- 
gation engineering  which  are  of  international  interest. 

The  papers  disclose  the  fact  that  a  great  many  units  of  measure- 
ment are  in  use,  and  that  the  duty  of  water  is  stated  in  very  dif- 
ferent ways.  The  primary  unit  used  by  English-speaking  en- 
gineers is  the  foot,  and,  that  used,  practically,  by  all  other  engineers 
is  the  meter,  and  it  would  be  a  very  good  thing  if  engineers  could 
agree  upon  some  uniform  system  of  recording  irrigation  data  and 
obviate  the  inconvenience  entailed  by  the  use  of  a  great  variety  of 
local  units.  "Acres  per  cusec,"  "liters  per  second  per  hectare," 
"miners  inches,"  "gallons  per  day"  and  "acre-feet"  are  samples  of 
the  terms  which  have  come  into  use,  and  although  the  conversion  of 
results  stated  in  one  set  of  units  into  those  of  another  is  a  simple 
matter,  yet  it  often  involves  a  great  deal  of  trovible,  and  it  is  cer- 
tainly desirable  that  some  agreement  should  be  reached  as  to  the 
use  of  a  common  system  of  units.  For  English-speaking  engineers, 
the  measurement  of  flowing  water  in  cubic  feet  per  second,  abbre- 
viated into  cusecs,  is  the  most  convenient  unit  that  can  be  adopted, 
but  the  cubic  foot  is  too  small  a  unit  of  capacity  when  applied  to 
large  storage  reservoirs.  The  speaker  prefers  the  acre-foot,  equal 
to  43  560  cu.  ft.,  or  very  approximately,  to  the  flow  of  1  cusec.  for 
12  hours.  Not  only  is  the  acre-foot  a  unit  of  convenient  size,  bvit 
its  use  renders  it  comparatively  easy  to  deduce  some  idea  of  irrigat- 
ing capacity  from  the  volume  of  water  stored. 

The  progress  of  irrigation  in  many  parts  of  the  world  during  the 
last  few  years  has  been  extremely  rapid,  and,  year  by  year,  the  capi- 
tal outlay  expended  on  hydraulic  works  has  been  steadily  increasing. 
In  some  countries,  such  as  India,  nearly  all  the  easily  available 
sources  of  water  supply  have  been  utilized,  and  much-needed  future 
extensions  of  irrigation  will  involve  the  construction  of  large  and 
costly  engineering  works.  To  obtain  the  benefits  of  irrigation  on 
the  widest  possible  scale,  the  highest  technical  skill  will  have  to  be 
devoted  to  the  details  of  designs,  and,  in  some  directions,  it  will  be 
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Prof.  Chatter-  necessary  to  obtain  more  accurate  data  than  are  now  geuerally  ac- 
cepted. This  is  especially  true  in  regard  to  the  empirical  formulae 
now  used  in  calculating  the  velocity  of  flow  of  water  under  given 
conditions,  such  as  obtain  in  big  canals  and  tunnels,  or  through 
masonry  sluices  of  large  size.  Experiments  made  in  India  and 
elsewhere  with  accurate  instruments  for  measuring  the  flow  of  water 
past  a  cross-section  have  conclusively  demonstrated  that  the  usually 
accepted  vahies  of  the  coefficients  in  the  formulae  of  Bazin  and 
Kutter  give  discharges  considerably  smaller  than  are  found  in  actual 
practice,  and,  as  a  natural  sequel,  canals  are  now  c-irrying  much 
larger  quantities  of  water  than  was  originally  contemplated.  Owing 
to  this  initial  error,  losses  by  seepage  and  evaporation  have  in  many 
places  been  greatly  underestimated,  and  a  more  general  appreciation 
of  the  fact  that  canals  are  usually  carrying  more  water  than  they 
were  designed  to  carry,  will  ultimately  lead  to  a  prevention  of  the 
hitherto  unsuspected  losses,  and  thus  to  an  increase  in  the  duty  ob- 
tainable from  the  water. 

Similarly,  recent  measurements  of  the  discharging  capacity  of 
large  and  well-designed  masonry  works  indicate  that  the  generally 
accepted  values  of  the  coefficients  of  discharge  are  too  small,  and 
that  they  too  require  revision.  Further,  it  is  almost  certain  that  no 
two  hydraulic  engineers  would  agree  as  to  the  dimensions  of  a  rock 
tunnel  to  carr.y  a  given  quantity  of  water  under  specified  conditions 
as  to  slope,  head,  etc.  The  importance  of  more  accurate  informa- 
tion on  these  points  scarcely  needs  emphasis,  and  the  speaker  sug- 
gests that  it  would  be  appropriate  to  establish  an  international  com- 
mittee to  collect  new  data. 

Irrigated  lands  which  derive  their  water  supply  from  rivers 
owe  much  of  their  fertility  to  tlie  annually  recurring  deposits  of  silt 
which  are  brought  down  during  floods,  but  comparatively  little  is 
known  as  to  which  of  the  constituents  of  the  silt  are  of  manurial 
value  and  which  are  worthless.  In  this  direction  there  is  much 
useful  work  to  be  done  by  the  agricultural  chemist  in  conjunction 
with  the  irrigation  engineer.  Some  information  on  this  point  is 
very  desirable  in  view  of  the  fact  that  it  is  proposed  to  construct 
on  some  of  the  big  rivers  of  Southern  India  high  dams  to  form 
large  storage  reservoirs  which  will  be  kept  full  of  water  during  the 
flood  season  to  supply  high-level  canals,  and  the  dams,  during  this 
period,  will  act  mainly  as  diversion  weirs,  whilst,  after  the  floods  have 
passed,  the  water  stored  in  the  reservoirs  wiU  be  passed  down  the 
river  to  supplement  the  supply  to  existing  irrigation  works  lower 
down.  The  silt-laden  floods  will  practically  find  in  these  reservoirs 
huge  settling  tanks  in  which  will  be  deposited  a  considerable  propor- 
tion of  the  solid  matter,  and  the  question  has  been  raised  as  to 
whether  it  will  affect  the  fertilizing  value  of  the  flood  water  passed 
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over  or  through  the  dam.  Probably  very  little  of  real  value  will  be  Pi-of.  Chatter- 
withdrawn  from  the  water,  but  it  would  be  satisfactory  to  have  raore 
definite  information  on  this  point,  and,  in  any  case,  there  remains 
the  problem  of  how  to  maintain  a  permanent  regime  in  the  reser- 
voir by  getting  rid  of  the  silt  deposited  during  the  floods  after  they 
have  passed  away.  Possibly  floating  hydraulic  miners  A\'orked  by 
electricity  generated  at  the  dam  will  be  found  of  great  use  in  wash- 
ing out  the  huge  banks  of  soft  silt  which  every  year  will  form  on 
the  slopes  of  the  reservoir.  Lastly,  the  question  of  keeping  silt- 
laden  water  and  sand  out  of  irrigation  canals  is  of  prime  importance 
on  some  rivers,  and  a  comparison  of  the  results  obtained  in  different 
parts  of  the  world  by  difi^erent  methods  might  lead  to  great  improve- 
ments. 

These  are  but  some  of  the  problems  confronting  irrigation  en- 
gineers, and  the  speaker  thinks  that  it  would  not  be  difficult  to  make 
out  a  prima  facie  case  for  the  formation  of  an  international  associ- 
ation of  irrigation  engineers,  which  might  meet  from  time  to  time 
in  congress  to  bring  forward  the  results  of  their  experience  and  sub- 
mit them  to  discussion.  No  doubt  there  would  be  difficulties  in  the 
way  of  carrying  out  such  an  idea,  but  doubtless  they  could  be  over- 
come if  the  arrangements  were  undertaken  by  the  American  Society 
of  Civil  Engineers  and  the  Institution  of  Civil  Engineers  conjointly. 

In  the  paper  by  Sir  Hanbury  Brown  on  "Irrigation  under  British 
Engineers,"  it  is  stated  that  "'Svells  can  hardly  be  regarded  as  irri- 
gation works  in  the  ordinary  sense  of  the  word,"  and  that,  notwith- 
standing the  fact  that  over  13  000  000  acres  are  irrigated  by  them  in 
India.  They  are  probably  over  2  500  000  in  number,  and  it  is  esti- 
mated that  not  less  than  50  000  cu.  ft.  per  sec.  are  drawn  from  them 
by  some  6  000  000  cattle  which  do  effective  work  equal  to  the  con- 
tinuous operation  of  170  000  h.  i>.  These  are  big  figures,  and,  in  view 
of  them,  the  speaker  would  prefer  to  say  that  wells  are  at  present 
among  the  most  important  of  irrigation  works,  but  that  hitherto 
they  have  been  almost  entirely  neglected  by  irrigation  engineers. 
The  Indian  Irrigation  Commission  was  of  opinion  that  a  great 
deal  could  be  done  to  extend  cultivation  under  wells,  and,  in  the 
Madras  Presidency,  the  Government  has  taken  the  matter  up,  and 
experiments  and  enquiries  are  in  progress,  which  it  is  hoped  will 
lead  to  important  developments  in  this  direction.  It  is  thought 
that  many  of  the  wells  have  not  been  sunk  to  a  sufficient  depth  to 
tap  properly  the  supplies  of  subterranean  water  available,  and  it  has 
already  been  proved  beyond  reasonable  doubt  that  mechanical  ap- 
pliances driven  by  steam  engines,  oil  engines,  or  electro-motors,  can 
replace  with  advantage  the  ingenious  though  extremely  primitive 
indigenous  water  lifts  which  are  invariably  worked  by  cattle  power, 
or   human   labour.     Provided    with    sufficiently   powerful    pumping 
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Prof.  Chatter-  machinery  it  would  be  possible  to  sinlc  wells  to  a  much  greater 
°°'  depth  than  is  the  prevalent  practice  to-day,  and  as  the  cost  of  lifting 
water  would  be  but  little  more  than  one-half  what  it  is  now,  it  ought 
to  be  feasible  to  raise  water  from  much  greater  depths  than  at  pres- 
ent is  considered  practicable.  The  most  valuable  crops  are  grown 
and  the  best  cultivation  in  India  practised  under  well  irrigation 
simply  because  no  other  course  would  pay,  and  future  progress  in 
the  iitilization  of  underground  water  supply  must  be  accompanied 
by  agricultural  development.  From  the  last  census  returns  of  the 
United  States,  it  appears  that  there  are  over  150  000  acres  under 
well  cultivation  in  California,  and  everyone  acquainted  with  the 
orange  groves  and  fruit  gardens  of  that  State  will  admit  that  there, 
where  the  cost  of  obtaining  water  is  so  extremely  great,  agriculture, 
irrigation  and  agricultural  engineering  have  reached  their  highest 
development. 
Prof.  Fuller.  Almon  H.  Fuller.  Assoc.  Am.  Soo.  C.  E.,  Seattle,  Wash.* — 
Professor  Chatterton  mentions  the  efficiency  of  water  coming  from 
wells.  No  one  will  question  but  that  the  extra  care  with  which  the 
limited  supply  is  handled  adds  greatly  to  its  usefulness.  But  there 
may  also  be  other  reasons  for  that.  About  a  year  ago  the  speaker 
visited  the  Moxee  District  of  the  Yakima  Valley  in  the  State  of 
Washington.  He  noticed  that  many  were  using  the  flow  from  ar- 
tesian wells  for  irrigation,  and  that  they  seemed  to  be  particularly 
well  satisfied  with  the  supply  and  its  results. 

The  fact  that  they  were  independent  of  breaks  in  canals  and  of 
the  control  of  head-gates  gave  them  a  feeling  of  independence  not 
enjoyed  by  all  users  of  ditch  water.  A  still  greater  advantage 
claimed  was  that  the  temperature  of  well  water  coming  from  a 
depth  of  about  800  ft.  was  perceptibly  higher  than  that  of  canal 
water  fed  by  mountain  streams,  and,  therefore,  did  not  have  a  ten- 
dency to  chill  the  crops  that  the  colder  water  did. 

In  1901t  there  were  about  20  flowing  wells  in  the  district,  within 
an  area  of  about  6  sq.  miles,  yielding  an  average  flow  of  about 
0.7  cu.  ft.  per  sec.  from  a  depth  of  about  800  ft.,  with  a  temperature 
usually  above  70°  fahr. 

Althovigh  the  relative  temperatures  would  not  vary  as  much  in 
India  as  in  Washington,  the  speaker  would  like  to  inquire  if  the 
effect  of  different  temperatures  was  noted  and  with  what  conclusions. 

H.  D.  Pe.\rsall,  M.  Inst.  C.  E.,  London,  England. — Mr.  Salvador 
says,  on  page  123: 

"It  is  generally  necessary  to  raise  the  water  by  mechanical  means 
and  to  force  it  to  a  certain  distance.  Sometimes  the  fall  is  used  to 
run  some  lifting  machinery,  such  as  hydraulic  rams." 


Mr.  Pearsall. 


*Prof.  of  Civ.  Eng.,  Univ.  of  Washington. 

tU.  S.  Geol.  Survey.  Water  Supply  and  Irrigation  Paper  No.  55. 
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The  speaker  would  now  suggest  that  Mr.  Salvador  add  particu-  Mr.  Pearsall. 
lars  of  the  kind  of  rams  used,  the  areas  irrigated,  and  the  amounts 
of  lift  and  fall. 

Irrig-ation  of  any  considerable  area  requires  a  large  quantity  of 
water,  and  the  hydraulic  ram,  as  commonly  known,  deals  only  with 
very  small  quantities.  Mr.  Salvador,  therefore,  probably  refers  to 
irrigation  of  small  plots  of  ground  only. 

It  is,  however,  quite  possible  to  use  the  hydraulic  ram  for  irri- 
gating large  areas,  and  the  speaker  believes  that  it  will  be  used  for 
that  purpose  before  long  in  the  United  States.  He,  himself,  designed 
some  machinery  several  years  ago,  which  is,  in  principle,  nothing 
but  a  large  hydraulic  ram,  but  of  entirely  different  construction. 
This  machine  pumps  a  quantity  of  water  greater  than  that  pumped 
by  any  hydraulic  ram  previously  constructed.  This  machine  has 
been  at  work  in  Pennsylvania  for  15  years.  It  is  not  vised  for  irri- 
gation, but  it  is  well  adapted  for  such  use,  and,  on  account  of 
its  construction,  there  appears  to  be  no  practical  limit  to  its  size. 
It  is  believed  to  be  the  only  machine  on  the  principle  of  the  hydrau- 
lic ram  of  which  this  can  be  said,  and  the  only  successful  one  dealing 
with  the  quantities  of  water  needed  in  extensive  irrigation. 

The  large  ram  referred  to  is  at  the  Isabella  Furnace,  Barneston, 
Pa.  It  uses  a  little  over  1  000  gal.  per  min.,  and  its  efficiency  is  72  per 
cent.  The  water  used  has  a  fall  of  17  ft.  and  raises  125  gal.  per  min. 
to  a  height  of  over  100  ft.  The  speaker  thinks  that,  w^here  it  is  desired 
to  lift  water  for  irrigation,  a  similar  machine  would  certainly  afford 
an  extremely  convenient,  economical  and  efficient  way  of  doing  so. 
Several  similar  machines  have  been  constructed  since  this  one  was 
installed  and  have  resulted  in  so  many  improvements  in  detail  that 
the  Barneston  ram  is  not  by  any  means  mentioned  as  a  sample  of 
what  can  be  done  in  this  way,  but  because  it  has  a  long  record  of 
successful  work.  Much  more  work,  and  at  less  cost,  can  now  be 
done  by  machines  of  the  same  general  type. 

Much  larger  machines  of  this  type  have  also  been  made  in  Eng- 
land, with  main  pipes  up  to  2  ft.  in  diameter,  and  using  many  times 
the  quantity  of  water  before  mentioned. 

Moreover,  for  irrigation  purposes,  it  generally  happens  that  both 
fall  and  lift  are  much  less  than  at  Barneston,  and  these  circum- 
stances allow  of  considerable  further  simplification  of  the  design. 

What  appears  to  be  worth  pointing  out,  however,  is  that,  though 
the  hydraulic  ram  has  not  been  used  (with  the  above  exceptions)  for 
large  quantities  of  water,  it  may  be  so  used;  and  that  the  principle 
of  the  hydraulic  ram  is,  therefore,  not  to  be  judged  by  reference  to 
the  ordinary  ram  of  commerce.  That  machine  is  an  efficient  one  in 
very  many  cases  when  used  for  small  quantities  of  water,  but  the 
fact  that  attempts  to  use  it  for  larger  quantities  have  failed  has 
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Mr.  Pearsaii.  now  been  proved  to  be  due  not  to  the  principle  itself,  but  to  the 
methods  used  in  carrying  it  out.  Nearly  all  ram  patents  which 
have  been  taken  out  for  a  century  have  been  merely  for  minor  modi- 
fications of  the  original  ]Montgolfier  design.  No  previous  thorough 
study  of  the  ram  appears  ever  to  have  been  made,  but  this  was 
necessary  before  so  great  an  enlargement  of  its  scope  could  be  suc- 
cessfully accomplished.  This  study  naturally  led  to  radical  alter- 
ations of  design  and  many  unforeseen  developments.  One  result  of 
such  a  study  has  been  to  shew  that  the  principle  is  actually  more 
suited  in  some  ways  (instead  of  less)  to  large  rather  than  to  small 
volumes  of  water. 
Mr  LeConte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.,  Oakland,  Cal.  (By  letter.) — 
Mr.  Mead  brings  oiit  a  most  important  and  true  feature  when  he 
states  that  there  is  a  great  tendency  to  magnify  the  importance  of 
engineering  construetio]i  in  irrigation  problems.  The  whole  finan- 
cial success  of  any  given  scheme  is  entirely  dependent  upon  the 
agricultural  and  economical  sides  of  the  question,  which  can  only 
be  satisfactorily  worked  out  by  experience.  Another  most  im- 
portant feature  is  the  fertilizing  value  of  the  waters.  This  has  a 
permanent  value  which  cannot  be  overestimated.  Irrigators  can 
well  afford  to  pay  ten  to  twelve  times  as  much  for  warm  rich  silt- 
bearing  waters  as  for  the  clear  cold  waters  from  the  moimtains. 
The  former  not  only  irrigates  the  land,  but  replenishes  the  soil  with 
a  fertilizing  sediment,  the  true  value  of  which  is  immeasurable. 
These  factors  are  what  tell  in  the  long  run. 

The  pioneer  irrigation  engineers  certainly  deserve  much  credit 
for  the  good  work  they  have  done  under  the  most  trying  financial 
circumstances.  Cement  and  concrete  are  now  looming  up  as  very 
important  factors  in  all  new  works  as  well  as  for  repairs  on  old 
works.  Where  bids  received  for  furnishing  cement  are  too  high 
there  is  often  great  temptation,  in  large  works,  to  build  a  plant  and 
manufacture  the  cement  on  the  ground.  Such  efforts  are  always 
risky,  however,  as  they  call  for  the  services  of  the  most  experienced 
men,  who  are  hard  to  get  at  the  salaries  usually  offered.  The  raw 
material  to  be  used  must  be  carefully  analyzed  in  order  to  enable 
the  proper  proportions  to  be  given  to  the  ingredients.  The  burning 
also  requires  a  very  experienced  man  who  knows  just  when  the 
clinker  has  reached  the  proper  stage.  If  the  prices  offered  by  the 
old  standard  cement  companies  are  at  all  reasonable,  it  would  be  far 
better  to  accept  them,  rather  than  run  the  risk  of  turning  out  a  poor 
article  and  having  disintegration  troubles  develop  maybe  a  year 
after  the  works  are  completed  and  paid  for. 

Reforms  in  the  present  State  laws  are  certainly  badly  needed, 
and  it  is  not  at  all  clear  how  this  can  be  gracefully  done.  The  State 
decisions  have  all  been  in  line  with  the  old  common  law  of  England, 
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which  is  still  in  force  in  California.     Feeble  efforts  are  now  being  Mr.;LeConte. 
made  to  upset  these  old  doctrines,  biit  the  progress  made  is  very  slow 
and  unsatisfactory. 

The  good  work  done  by  the  Department  of  Agriculture  in  study- 
ing the  application  of  water  to  crops  and  in  determining  the  average 
duty  of  water  is  certainly  very  commendable.  Experience  every- 
where seems  to  show  enormous  waste  of  water  at  first;  then,  as  the 
ground-water  level  rises,  the  need  for  irrigation  becomes  much  less, 
and  the  consumption  of  water  is  very  much  reduced.  In  point  of 
fact,  there  seems  to  be  a  close  relation  between  the  depth  of  the 
ground-water  below  the  surface  and  the  quantity  of  water  needed 
for  the  crops. 

The  cost  of  reservoir  capacity  given  by  Mr.  Mead,  namely,  $7 
to  -$8  per  acre-foot,  is  certainly  very  creditable,  and  speaks  well  for 
the  reservoir  sites  selected.  The  suggestion  made  by  the  Secretary 
of  Agriculture  that  no  reservoir  should  be  built  by  the  Government 
until  the  State  interested  has  first  passed  suitable  laws,  which  would 
insure  definite  and  final  establishment  of  titles  to  water,  is  a  good 
wholesome  medicine,  a  dose  of  which  the  State  of  California  is  badly 
in  need  of. 

David  M.  Duller,  Jun.  Am.  Soc.  C.  E.,  Houston,  Tex.  (Ey  let-  Mr.  Duller, 
ter.) — Mr.  Mead  seems  to  have  presented  a  political  rather  than  an 
engineering  paper.  As  political  conditions  control  the  development 
somewhat,  as  to  construction,  it  is  of  interest  to  study  the  subject, 
as  he  presents  it,  and  to  learn  the  circumstances  governing  the  de- 
velopment of  arid  lands  by  irrigation.  Mr.  Mead  merely  mentions 
the  fact  that  there  are  lands  on  the  Gulf  Coast  which  are  irrigated. 

The  writer  presents  this  discussion  on  irrigation  in  Southwestern 
Louisiana  and  Texas  as  supplementary  to  the  broader  subject. 

The  object  of  irrigating  lands  in  Louisiana  and  Texas  is  for  the 
production  of  rice.  The  area  of  ''rice  lands"  is  limited.  Noting 
the  fact  that  certaiu  peculiar  conditions  must  exist  to  assure  the 
production  of  rice.  Southwestern  Louisiana  and  Southeastern  Texas 
comprise  the  territory,  in  the  United  States,  which,  undoubtedly,  is 
best  fitted,  physically  and  naturally,  for  the  production  of  this  crop. 
This  territory  is  about  300  miles  long  and  25  miles  wide,  and  cojn- 
prises  about  4  500  000  acres,  known  as  the  "Great  Southern  Rice 
Belt."  After  eliminating  from  this  belt,  the  waste  lands,  such  as 
swamps,  marshes  and  timber  strips,  there  is  available  for  rice  culture 
a  territory  not  exceeding  2  500  000  acres.  Rice  will  not  grow  with- 
out fresh  water;  and,  of  this  territory,  not  more  than  one-half,  or 
1 200  000  acres,  is  provided  with  this  necessity  by  the  numerous 
rivers  and  bayous  running  through  it  and  an  artesian  water  supply 
beneath  it,  at  a  depth  varying  from  100  to  300  ft.  This  land  may 
be  described  as  being  level  prairie,  with  an  average  fall  toward  the 
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Mr.  Duller.  Gulf  of  1.0  ft.  per  mile.  Of  this  1  200  000  acres,  about  750  000  acres 
are  developed  for  irrigation  at  present,  of  which  it  is  estimated  that 
one-half  has  been  cultivated  in  1904. 

The  writer's  endeavor  will  be  to  joreseiit  a  description  of  the 
general  methods,  machinery  and  devices  used  in  the  irrigation  of 
these  lands  with  water  from  rivers  and  bayous. 

There  is  no  other  production,  or  crop  of  the  soil,  irrigated  in  the 
?iame  manner,  or  to  the  same  extent,  as  regards  the  quantity  of  water 
required.  It  is  not  enough  to  have  the  soil  moist;  the  water 
should  cover  the  ground  at  least  0.25  ft.  The  flooding  season  con- 
tinues from  the  time  the  rice  is  from  4  to  6  in.  high,  until  it  is 
matured,  practically  90  days.  During  this  period,  it  is  necessary  to 
furnish  2.2  ft.  of  water,  to  keep  the  required  amount  on  the  ground 
to  provide  for  evaporation.  Rice  lands  are  farmed  in  the  same 
manner  and  with  machinery  of  the  same  class  as  those  for  the  pro- 
duction of  wheat. 

For  clearness  and  precision,  this  description  will  start  with  the 
water  at  the  source  of  supply  and  follow  it  through  the  plant  and  the 
canal  to  the  fields  where  it  is  used.  Before  commencing  this,  how- 
ever, it  must  be  stated  that  irrigation,  by  the  present  methods,  has 
been  undertaken  and  accomplished  only  within  the  last  twelve 
years.  Prior  to  that  time,  to  a  certain  extent,  rice  was  raised  and 
watered  by  rainfall,  which  was  stored  in  reservoirs  and  fields  which 
were  "leveed"  to  hold  a  sufficient  supply  for  the  flooding  of  the  lands. 
This  method  was,  and  is,  termed  "Providence"  irrigation,  and  is  de- 
clared to  be  in  all  cases,  sooner  or  later,  an  entire  failure,  on  account 
of  the  uncertainty  of  Providence,  and  has  been  abandoned  on  that 
account. 

The  first  qiiestion  to  be  determined,  in  all  cases,  is  the  acreage  to 
be  irrigated  by  the  proposed  works,  and  with  this  the  engineer  must 
begin  his  calculations  for  the  system.  The  area  to  be  irrigated  must 
depend  on,  and  be  determined  by,  the  water  supply  in  the  river  or 
bayou.  An  estimate  of  the  portion  of  the  river  fiow  available  for 
the  particular  plant  will  establish  the  principal  feature  of  the  propo- 
sition. Great  mistakes  have  often  been  made  by  overrating  the  local 
water  supply.  It  has  been  found  by  experience  that  8  gal.  per  min. 
is  sufficient  for  each  acre  irrigated,  exclusive  of  rainfall  during  the 
flooding  season.  Thus  the  capacity  of  the  plant  in  gallons  should 
be  eight  times  the  number  of  acres  irrigated,  viz.,  to  irrigate  10  000 
acres,  the  capacity  should  be  80  000  gal.  per  min. 

The  next  question  is  the  elevation  to  which  the  water  must  be 
lifted,  in  order  to  distribute  it  over  the  highest  lands  of  the  terri- 
tory, and,  at  the  same  time,  include  a  quantity  sufficient  to  irrigate 
or  flood  the  lands  along  the  line  of  the  canal.  This  elevation  is 
from  10  to  65  ft.,  or  an  average  of  about  25  ft.,  for  the  plants  now 
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in  operation.  Having  the  capacitj^  and  the  elevation  to  which  the  Mr.  Duller, 
water  is  to  be  raised,  the  details  to  be  decided  are  the  number  of 
pumps,  boilers  and  engines.  Manufacturers  of  raachinery  are  gen- 
erally asked  to  submit  bids  for  the  machinery  and  guarantee  the 
results  demanded  by  the  canal  company,  the  machinery  to  stand  a 
special  test  at  the  time  of  completing  the  erection,  prior  to  accept- 
ance by  the  company. 

The  pumps  most  commonly  used  are  the  Morris,  Lawrence  and 
Ivens'  Centrifugal,  and  the  Eoot  and  Connersville  Blower.  The 
writer  would  recommend  in  all  cases  that  plants  be  erected  in  dupli- 
cate. For  instance,  for  a  plant  with  a  capacity  of  80  000  gal.  per 
min.,  he  would  recommend  that  four  pumps  be  used  in  two  bat- 
teries, with  a  direct  or  rope-driven  connection,  of  one  engine  with 
two  pumps.  In  this  manner,  a  part  of  the  machinery  can  be  re- 
paired withovit  disturbing  other  parts.  An  additional  reason  is 
that,  at  times  during  the  flooding  season,  the  whole  capacity  of  the 
plant  is  not  required  to  hold  the  supply  of  water  in  the  fields,  and  a 
part  of  the  plant  can  be  operated  singly. 

The  water  is  discharged  from  the  pumps  into  a  flume,  in  most 
instances,  and  from  the  flume  into  the  canal  proper.  The  design  for 
a  flume  at  this  location  on  the  plant  can  be  the  same  as  on  the  canal 
at  the  crossings  of  drainage,  with  variations  suitable  for  the  par- 
ticular plant.  A  general  flume  design  for  the  transmission  of  the 
water  from  the  pumps  to  the  canal  cannot  be  used,  owing  to  the 
varying  physical  condition  of  the  banks  of  the  river  or  bayou.  Cir- 
cumstances sometimes  make  it  necessary  to  excavate  an  intake  ditch 
from  the  river  channel  to  suitable' ground  for  the  foundations  of  the 
plant. 

The  general  requirements  of  levee  construction  are  that  a  cross- 
section  be  determined,  based  on  the  materials  to  be  incorporated  in 
the  levee.  Levee  construction  is  done  generally  with  drag  scrapers, 
and  there  is  no  doubt  that  this  is  the  best  method  of  placing  earth 
in  levees  for  canals.  When  wheelbarrow  work  is  necessary,  the 
levee  is  not  as  strong  as  it  should  be,  having  merely  the  weight  of 
the  loose  materials  as  they  are  laid  in  the  embankment.  Consider- 
able allowance  must  be  made  for  settlement,  generally  20%  of  the 
fill.  With  levees  composed  of  certain  materials,  the  effects,  when 
water  is  run  into  the  canal  against  new  work,  is  sometimes  dis- 
astrous. The  uneven  weights  in  the  embankments,  by  the  material 
on  one  side  being  dry  and  on  the  other  side  wet,  cause  them  to 
slough.  On  the  other  hand,  when  the  embankments  are  built  by  slip- 
work,  the  materials  are  always  being  tramped  and  settled  in  layers 
of  very  satisfactory  thickness  and  cross-section  by  the  teams.  A 
detail,  in  the  case  of  high  embankments,  would  be  that  each  layer 
should  be  plowed  so  that  the  next  would  have  a  good  bond,  and  thus 
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Mr.  Duller,  insure  water-tight  joints  and  not  leave  a  seam  through  which  the 
water  could  find  its  way  through  the  levee.  In  every  case  an  allow- 
able shrinkage  is  considered,  according  to  the  clays  deposited  in  the 
embankment. 

A  general  average  height  for  canal  embankments  or  levees  is 
about  4  ft.  Fig.  4,  a  cross-section  of  a  canal,  illustrates  clearly 
the  general  construction  of  the  embankments. 

It  is  advantageous  to  construct  a  table  of  quantities  for  levee 
construction,  as  it  saves  considerable  time  to  have  the  construction 
regular  as  to  cross-section,  and  this  is  facilitated  by  a  table  of  quan- 
tities, of  the  same  character  as  those  used  in  railroad  work. 

The  graphical  diagram,  No.  26,  in  Coffin's  "Graphical  Solution 
of  Hydraulic  Problems,"  is  of  great  service  in  making  preliminary 
plans  for  canals. 

CROSS-SECTION   SHOWING  GENERAL  CANAL  CONSTRUCTION. 

a  I  j      130  ft.  from  tenter  to  center  on  a  n;ht  of  n-aj- SCO  ft.  wide 

a  I        op         T 

■^ K         4  CrottTi — H 


Ground  under  Base  of  Levee  well  plowed 
tiG.    4. 

Fig.  5  is  a  general  design  for  a  flume  crossing  drainage.  This 
plan  is  now  used  quite  conunonly,  many  expensive  experiments 
having  been  made  with  cheaper  designs.  For  narrow  lateral  canals. 
Fig.  6  will  be  as  secure  and  serviceable  a  construction  as  the  more 
expensive  one  shown  in  Fig.  5.  Flumes  have  always  been  the 
"bugbear"  of  canal  companies,  on  account  of  the  expensive  acci- 
dents which  have  occurred  with  them.  The  biilkhead,  or  connection 
between  the  woodwork  and  the  earth,  was  sometimes  washed  out;  or 
some  weakness  in  the  design  and  construction  was  overlooked,  such 
as  having  a  span  too  long  for  the  floor  joist,  or  the  settlement  of  pile 
and  trestle  foundations.  In  the  latter  case,  a  slight  springing 
downward  under  the  load  sometimes  opened  the  construction  so  that 
the  water  was  lost,  and  a  week's  delay  for  water  in  a  dry  season  is  a 
serious  matter  to  a  plante:'.  who  has  his  all  in  a  crop  dependent  upon 
the  water  from  the  canal. 

Until  the  last  six  years,  companies  depended  largely  on  their 
own  experiences  and  experiments;  but  they  now  see  the  necessity 
of  having  competent  engineers  at  hand  and  show  appreciation  of 
their  counsel  and  work. 
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In  some  instances,  it  is  necessary  to  lower  the  grades  of  the  Mr.  Duller, 
canal  on  account  of  the  profile  of  the  line,  and,  in  such  cases,  a 
check-gate  is  constructed  to  hold  back  the  water.     A  satisfactory- 
design,  which  is  not  expensive  and  is  entirely  secure,  is  shown  in 
Fig.  7. 
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There  are  a  few  canals  which  do  not  require  a  portion  of  the 
water  to  be  relifted,  to  serve  the  lands  above  the  elevation  of  the 
flow  line  of  the  main  pla2it,  at  the  source  of  supply.  This  is  neces- 
sary because  it  is  too  expensive,  or  is  not  feasible,  to  construct  par- 
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Mr.  Duller,  ticular  Systems  with  established  grades  which  will  deliver  water 
from  the  first  elevation  to  irrigate  the  entire  territory  to  be  covered. 
A  relift  plant  may  be  of  the  same  design  as  the  main  plant,  except 
that  the  lift  required  is  generally  very  much  lower.  In  some  sys- 
tems a  third  lift  is  required  to  serve  the  lands  properly,  and  in  such 
cases  it  is  too  expensive  to  operate  under  the  present  methods  of 
management. 

From  the  canals  and  laterals  along  and  through  the  farms,  the 
water  is  delivered  to  the  fields  through  gates  (Fig.  8)  constructed 
of  timber  and  of  various  design.  The  method  of  actual  distribu- 
tion of  water  from  the  canal  to  the  fields  and  from  field  to  field  is 
not  economically  cared  for  and  looked  to  by  any  canal  company, 
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as  far  as  the  writer  can  learn.  A  clause  is  generally  embodied  in 
the  water  contract  providing  for  the  actvial  obtaining  of  water  for 
the  lands  specifically  noted  in  the  contract,  which  clause  specifies  that 
the  patron  of  the  company  is  only  to  receive  water  at  times  and  in 
quantities  according  to  the  judgment  of  the  "water-tender."  A  so- 
called  "water-tender"  has  not  the  actual  knowledge,  as  to  the  natural 
requirements  and  need  for  water,  which  he  should  have,  in  order  to 
protect  the  company  from  waste.  To  be  sure,  it  is  out  of  the  ques- 
tion for  an  employee  of  an  irrigation  company  to  attend  and  mark 
the  condition  of  all  the  field  levees,  and  know  that  the  patron  is  not 
letting  the  water  through  and  out  of  his  lands  to  waste.  It  will 
soon  become  a  necessity  to  measiire  the  water  at  the  canal  gate,  so 
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Mr.  Duller. 
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fls  to  provide  the  required  quantity  in  a  regularly  calculated  time,  Mr.  Duller, 
for  the  number  of  acres  actually  being  irrigated  from  the  gate. 

The  iield  levees  are  low  dikes,  plowed  and  "pushed"  to  an  eleva- 
tion of  about  1  ft.,  so  that,  being  located  on  contours  of  0.25  to  0.50 
It.  difference  in  elevation,  the  water  will  be  held  at  a  depth  suf- 
fcient  to  flood  the  land  between  the  contour  levees.  They  are 
"pushed"  to  the  elevation  necessary  by  a  V-shaped  machine  made 
for  that  purpose  by  the  farmer. 

Canal  companies  furnish  water  to  farmers  of  rice  generally  for 
the  price  of  one-fifth  of  the  entire  crop  produced  by  the  lands  irri- 
gated by  them;  said  fifth  part  to  be  separated  from  the  whole  at  the 
threshing-machine.  This  amounts  to  an  average  of  2.2  sacks  per 
acre,  which,  from  year  to  year,  is  worth  about  $3  per  bbl.  A  barrel 
of  rice  weighs  162  lb.  and  a  sack  weighs  from  180  to  210  lb.  One 
barrel  of  rice  is  required  to  sow  three  acres  of  land.  It  costs  the 
farmer  about  $10  per  acre  to  raise  rice.  An  average  crop  is  from  10 
to  15  bbl.  per  acre.  It  costs  from  $10  to  $12.50  per  acre  to  con- 
struct irrigation  systems  which  will  irrigate  rice  lands  economically. 

Sir  Hanbltry  Brown,  K.  C.  M.  G.,  M.  Inst.  C.  E.,  Crawley  Down,  sir.H.  Brown. 
England.    (By  letter.) — There  is  much  in  the  paper  by  J.   E.   do 
Meyier  which  suggests  parallels  in  experience  and  practice  between 
Java  and  Egypt.     Two  points  only  will  be  selected  for  remark. 

First,  the  reference  to  "the  delicate  relation  between  the  engineer, 
head  of  the  irrigation  circle,  and  the  resident,'"  who  is  described  as 
^'the  great  center  of  the  administration,"  recalls  the  early  days  of 
British  control  of  the  Irrigation  Service  in  Egypt,  when  the  Anglo- 
Indian  Inspector  of  Irrigation  was  introduced  as  a  "new  wheel"  into 
the  machinery  of  administration,  and  held  executive  power  in  the 
Provinces  independent  of  the  Moudir  or  Governor  of  the  Province, 
who  had,  till  then,  been  lord  of  all  within  the  limits  of  his  charge. 
The  native  Chief  Engineer  of  the  Province  had,  iintil  the  creation 
of  English  inspectors  of  irrigation,  been  under  the  immediate  orders 
of  the  Moudir  and  was  his  humble  servant — practically  if  not  the- 
oretically. Henceforward  he  was  to  take  his  orders  from  an  in- 
spector who  would  see  that  they  were  obeyed,  though  it  was,  at  the 
same  time,  still  his  duty  to  advise  the  Moudir  in  technical  matters. 
The  inspector  was  answerable  to  none  but  the  Minister  of  Public 
Works,  while  the  Moudir  was  answerable  to  the  Minister  of  the 
Interior.  So  it  came  about  that  there  existed  two  administrative 
chiefs  in  the  Province,  where,  hitherto,  the  Moudir  had  reigned 
supreme.  One  of  these  powers  resisted  innovation  and  reform  with 
the  accumulated  inertia  of  the  Mohammedan  East,  and  the  other 
pushed  his  reforms  with  the  persistent  energy  of  his  nature  and  with 
the  relish  of  a  new  broom.  Naturally,  difficulties  arose  which  some- 
times developed  into  acute  crises.     The  native  chief  engineers  wer^ 
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Sir  H.  Brown,  embarrassed  between  their  habits  of  subservience  to  the  Moudir  and 
their  fears  of  the  unknown  limits  of  the  new  inspector's  powers. 
A  decree  was  issued  defining  the  relations  between  Inspectors  of 
Irrigation  and  JMotidirs.  It  was  not,  however,  the  decree,  but  the 
tact,  straightforwardness  and  honest  purpose  of  the  inspectors  which 
finally  decided  what  the  relations  between  them  and  the  Moudirs 
should  be,  and  changed  the  discord  into  harmony. 

The  second  point  in  the  paper  to  which  the  writer  would  refer  is 
the  paragraph  about  "irrigation  by  turns."  The  same  system,  known 
as  the  rotation  system,  was  introduced  into  Egypt  for  the  same 
reason  that  it  was  adopted  in  Java.  Egypt  borrowed  the  system 
from  India.  Its  severest  application  was  made  in  the  summer  of 
1900,  when  the  scantiness  of  the  available  water  supply,  in  com- 
parison with  the  cultivated  area,  exceeded  all  experience.  The  prob- 
lem was  this :  There  was  a  certain  area  of  land  under  cotton  which 
had  to  be  irrigated;  there  was  a  constantly  diminishing  supply  with 
which  to  irrigate  it,  and  no  storage  reservoir  to  counteract  the 
diminution.  So,  unless  somebody's  crops  were  sacrificed,  these  two 
factors  were  fijied  and  unchangeable.  A  given  discharge  takes  a 
definite  time  to  irrigate  a  given  area,  and,  as  the  discharge  de- 
creases, the  time  of  the  operation  must  increase,  that  is,  in  other 
words,  the  intervals  between  the  waterings  of  any  particular  field 
must  increase.  It  was  found  a  convenient  arrangement  to  divide 
each  separate  system  of  canals  into  three  sections.  A,  B  and  G.  Now, 
much  of  the  irrigation  was  effected  by  pumps  which,  it  was  calcu- 
lated, could  complete  the  irrigation  of  all  the  crops  depending  on 
them  in  six  days.  So  six  days  was  accepted  as  the  period  of  work- 
ing for  each  section.  If  the  water  supply  had  been  sufficient  to 
irrigate  the  whole  cropped  area  in  eighteen  days,  each  section  would 
have  taken  water  in  turn  for  six  days  and  have  been  prevented  from 
taking  it  for  twelve;  that  is,  the  interval  between  waterings  for  any 
particular  field  would  have  been  eighteen  days.  But  it  was  found 
that  the  supply  was  only  sufficient  at  first  to  give  one  watering  in 
twenty  days,  and,  later  on,  in  twenty-four  days;  and  still  later,  at 
lowest  supply,  in  twenty-eight  days.  To  arrange  for  the  twenty- 
eight  days'  rotation,  it  was  necessary  to  rearrange  the  subdivision 
and  split  the  systems  into  four  sections,  instead  of  three,  which 
were  called  D,  E,  F  and  G,  to  avoid  confusion  with  the  threefold 
arrangement.  The  programmes  of  rotations  were  then  made  out 
on  the  following  basis : 
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One  watering  in 
20   days. 

One  watering  in 
34  days. 

Section  A  works 

6  days. 
1    " 
6    " 
1    " 
6    " 

6  days. 
2    " 
6    " 
2    " 
6    " 

B  and  C  stop. 

Section  B  works 

A  and  C  stop. 

Section  C  works 

A  and  B  stop. 

20  days. 

2  days. 



24  days. 

Sir  H.  Brown. 


Section  D  works. . 
General  stoppage 
Section  E  works. 
General  stoppage 
Section  F  works. , 
General  stoppage. 
Section  G  works.. 
General  stoppage. 


One  watering  in 
28  days. 


6  days. 

1 

6 

1 

6 

1 

6 

1 


28  days. 


E,  if  and  G  stop. 
Z),  Fand  G  stop. 


D,  E  and  G  stop. 
Z»,  Eand  Fstop. 


The  general  days'  stoppages  were  intended  to  provide  for  the 
filling  of  the  channels  of  the  section  whose  turn  to  work  came  next, 
so  that  the  water  might  reach  the  tail  ends  of  the  sections,  and  the 
pumps  at  the  tails  have  as  good  a  supply  from  the  commencement 
of  their  six  days'  period  as  those  higher  up  on  the  canals.  These 
intermediate  general  stoppage  days  were  also  used  to  give  water  to 
those  who  had  been  badly  supplied  during  their  proper  working 
period.  It  was  also  arranged  that,  if  the  tail  reaches  of  any  section 
did  not  get  water  in  their  proper  turn,  they  should  be  given  water 
with  the  section  whose  turn  came  next,  as  it  woiild  then  be  possible 
to  get  water  to  them,  since  all  the  pumps,  or  heads,  above  them  on 
the  same  branch  would  be  stopped.  The  intermediate  days'  gener;vl 
stoppage  provided  a  reserve  which  could  be  utilised  to  prevent 
arrears  accumulating  to  such  an  extent  as  to  upset  the  published 
programmes  and  introduce  confusion  during  the  most  critical  period. 

In  the  summer  of  1900  the  supply  was  so  short  that  provision 
could  not  be  made  for  rice  irrigation,  which  crop,  in  compariso)i 
with  the  cotton  crop,  was  of  little  importance  in  both  extent  and 
value.  By  such  measures  as  described,  the  "duty  of  water"  obtained 
was  700  eu.  ft.  per  day  per  acre  of  crop,  or  280  cit.  ft.  per  day  per 
acre  of  gross  (taxed)  area,  assuming  that  two-fifths  of  the  gross 
area  was  under  cotton.     This  "duty"  gives  the  rate  of  supply  in  the 
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Sir  H.  Brown,  river  at  the  main  canal  heads.  But,  in  the  summer  of  1900,  some 
of  this  crop  suffered  in  yield  from  insufficiency  of  irrigation,  so  that 
the  "duty"  was  duty  imperfectly  performed,  and  the  inference 
drawn  was  that  an  allowance  of  700  cu.  ft.  per  day  per  acre  was  in- 
sufficient to  obtain  a  full  harvest. 

The  conclusions  arrived  at,  after  the  experience  of  a  succession 
of  low  summers,  as  to  the  best  programme  for  rotations  is  thus 
stated  in  the  Irrigation  Report  of  Egypt  for  1902 : 

"As  a  consequence  of  previous  experience,  it  has  been  decided 
in  1903  to  adoiJt  the  three-section  arrangement  of  distribution,  by 
which  each  section  takes  water  in  turn  for  a  third  of  a  full  period 
which  has  been  fixed  at  eighteen  days;  so  that  each  section  will  get 
water  for  six  days  and  be  without  it  for  twelve.  For  canals,  how- 
ever, from  which  rice  is  irrigated,  two  sections  are  adopted,  each 
section  working  for  four  days  and  stopping  for  five.  The  day  when 
neither  section  works  comes  after  the  working  of  the  first  section, 
and  is  utilised  for  filling  the  channels  of  the  second  section  before 
water  is  drawn  off  from  them.  As  the  rice  full-period  is  half  of  the 
cotton  period,  a  cultivator  may,  if  he  likes,  raise  cotton  or  rice  or 
both.  Supposing  he  has  an  area  of  200  feddans  (acres)  to  put  under 
crop,  he  can  put  it  all  under  rice  and  irrigate  it  once  in  nine  days; 
or  he  can  put  it  all  under  cotton  and  irrigate  100  feddans  during 
one  turn  and  100  feddans  during  the  next,  so  that  one  watering  in 
eighteen  days  is  given  to  it  all.  Or  he  may  put  100  feddans  under 
rice  and  100  under  cotton.  In  this  case  he  would  irrigate  all  the 
rice  and  50  feddans  of  cotton  during  one  turn;  and  all  the  rice 
again  and  the  other  50  feddans  of  cotton  the  next  turn;  so  that,  in 
every  case,  the  rice  would  get  a  watering  in  nine  days  and  the  cotton 
in  eighteen  days.  The  cultivator  is  thus  free  to  plant  what  he 
likes." 

This  programme  contemplated  assistance  from  the  Assuan 
Reservoir.  Without  it,  the  period  of  eighteen  days  would  have  had 
to  be  increased  to  twenty-one  or  twenty-four  days  by  inserting  one 
or  two  days'  general  stoppage  between  each  section's  period  of 
working,  as  was  done  in  1900. 

With  a  period  of  nine  days  between  waterings  of  rice  and  of 
eighteen  days  between  waterings  of  cotton,  and  allowing  4^in.  depth 
for  each  watering  for  cotton  (inclusive  of  allowance  for  waste  be- 
tween canal  head  and  field),  the  discharge  required  at  the  canal 
head  was  found  to  be  1  000  cu.  ft.  per  acre  of  cotton  crop  and  double 
that  figure  for  rice.  If  the  supply  falls  short  of  these  allowances, 
there  are  only  two  ways  of  meeting  the  deficiency  of  supply,  namely, 
either  by  lengthening  the  intervals  between  waterings,  or  by  reduc- 
ing the  area  of  crop  to  be  watered.  The  former  is  really  the  only 
practicable  alternative. 

There  is  one  point  in  which  the  Egyptian  practice  differs  from 
that  of  Demak  in  Java,  which  may  be  noted.     Mr.  de  Meyier  states 
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that  a  native  who  does  not  begin  the  tillage  of  his  land  at  the  time  Sir  H.Brown. 

officially  decreed  incurs  piinisliment.     In  Egypt  the  cultivator  is  not 

punished  for  sins  of  omission,  but  he  is  called  to  account  if  ho 

takes  water  out  of  his  authorised  turn.     If  he  neglects  to  take  it 

when  he  is  authorised  to  do  so  and  the  water  is  provided,  that  is  an 

affair  that  concerns  himself,  and  his  punishment  is  the  injury  his 

crop  suffers  through  his  own  neglect  of  it. 

It  is  gratifying  to  find  two  such  eminent  authorities  on  irriga- 
tion as  Sir  Thomas  Higham  and  General  Kundall  taking  part  in  the 
discussion. 

Sir  Thomas  Higham  argues  that : 

"As  the  payment  of  the  land  tax  in  Egypt  conveys  a  right  to  a 
water  supply,  and  the  tax  is  entirely  remitted  in  the  event  of  a  fail- 
ure of  the  supply,  the  rate  of  this  tax  *  •-  *  may  be  fairly  re- 
garded as  the  charge  for  irrigation." 

The  writer  does  not  think  that  this  is  a  logical  conclusion,  as 
the  land  tax  is  the  principal  tax  producing  the  revenue  which  pays 
for  not  only  the  irrigation  outlay  of  the  State,  but  also  for  the 
expenditure  necessary  to  provide  for  public  security,  to  maintain  an 
army,  and,  in  short,  to  meet  the  cost  of  governing  the  country  as  a 
civilised  state.  There  is  no  separate  property  or  income  tax  in 
Egypt.  Therefore  the  attempt  to  compare  the  cost  of  irrigation 
per  unit  of  area  in  Egyi^t  and  India  is  somewhat  hopeless. 

The  proportion  of  lift  to  flow  irrigation  in  Egypt  is  not  accu- 
rately known.  All  basin  irrigation  is  flow  irrigation.  About  three- 
fifths  of  the  Delta  has  flow  irrigation,  and  two-fifths  lift  in  summer. 
The  whole  of  Upper  and  Middle  Egypt  is  flow,  with  the  exception 
of  about  40  000  acres.  Taking  the  whole  of  Egj^it,  five-eighths  gets 
flow  irrigation  in  summer  and  three-eighths  lift.  But  during  flood 
almost  the  whole  of  Egypt  gets  flow  irrigation.  But  whether  the 
irrigation  is  flow  or  lift  is  a  matter  of  less  importance  than  whether 
the  land  gets  a  perennial  supply  of  water  or  a  flood-season  supply 
only.  The  land  tax,  under  the  new  assessment,  takes  account  of 
all  favourable  and  unfavourable  conditions.  Eor,  as  stated  in  the 
writer's  paper,  the  land  tax  is  based  on  the  renting  value  of  the 
land.  And  the  renting  value  is  high  or  low  according  as  the 
algebraic  sum  of  the  conditions  affecting  it  is  favourable  or  un- 
favourable. Such  conditions  are:  Nature  of  soil;  irrigation  and 
drainage  arrangements;  means  of  transport;  distance  of  market; 
and  everything  affecting  the  production  and  disposal  of  the  crops 
raised  on  the  land.  No  fairer  basis  for  the  determination  of  the 
rate  of  the  land  tax  than  the  renting  value  of  the  land  could  have 
been  made  use  of.  But  whatever  the  disadvantage  may  be,  such  a 
method  of  arriving  at  the  land  tax  does  not  lend  itself  to  a 
separation  of  the  charge  for  water. 
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Sir  H.  Brown.  Sir  Thomas  Higham  quotes  Sir  William  Willcocks  as  stating 
that  two-thirds  of  the  cultivated  land  in  Egypt  are  rented  at  a 
mean  value  of  £5,  and  the  balance  at  a  mean  value  of  £1  per  acre 
per  annum.  The  £5  as  stated  by  Sir  William  Willcocks  must  be 
a  misprint  for  £3.  The  correct  figures  are :  4  000  000  acres  rented 
at  £3,  and  2  000  000  at  £1;  the  total  amount  of  the  land  tax  is  4i 
million  pounds,  or  a  little  less  than  one-third  of  the  rental. 

General  Rundall  refers  to  the  most  important  question  of  water- 
carriage.  There  seems  reason  to  think  that  the  Government  of 
India  is  awaking  to  the  necessity  of  a  more  liberal  policy  in  this 
respect.  The  tolls  have  been  reduced  on  some  of  the  navigable 
routes,  and  measures  are  being  considered  for  improving  the  great 
navigable  waterways,  which,  in  Bengal  at  any  rate,  carry  such  a 
large  proportion  of  the  trade  of  the  country.  General  Rundall  is 
evidently  not  aware  that  a  railway  has  been  constructed  through 
the  heart  of  the  tract  irrigated  by  the  great  Chenab  Canal  in  tin; 
Pun-jab.  He  thinl^s  that  all  great  irrigation  canals  should  be 
navigable  in  order  to  afford  facilities  for  the  export  of  surplus 
products.  Exi^erience  on  one  of  the  great  canals  in  Bengal  has 
not  supported  this  theory.  The  canals,  although  navigable,  are 
but  very  little  used  as  such.  It  must  be  remembered  that  an  irriga- 
tion canal,  when  it  is  carrying  its  full  volume  of  water,  has,  in 
most  cases,  a  velocity  which  is  a  most  serious  impediment  to  traffic 
which  is  proceeding  up  stream,  and,  sometimes,  a  danger  to  that 
going  down  stream.  Further,  irrigation  canals,  which,  primarily, 
are  designed  to  meet  agricultural  needs,  are  rarely  aligned  to  fol- 
low trade  lines.  Consequently,  trade  will  not  use  them.  However, 
the  importance  of  water  carriage  is  great,  and  General  Rundall 
does  good  service  in  bringing  the  matter  forward.  What  is  needed 
is  not  the  construction  of  isolated  canals,  navigable  from  nowhere 
in  particular  to  nowhere  else  in  particular,  as  is  largely  the  case 
at  present,  but,  as  he  says,  navigable  channels  along  well-travelled 
trade  routes. 

General  Rundall  is  mistaken  in  thinking  there  is  any  error  in 
the  figure  given  in  Table  1.  The  canals  in  Bengal  may  command 
2  000  000  acres,  but  they  could  not  irrigate  half  that  area.  The 
figure  given  in  the  paper  refers,  it  should  be  remembered,  to  food 
grains,  and  the  total  area  irrigated  by  the  canals  includes  crops 
which  are  not  food  grains. 

Mr.  Elliot  seems  to  think  that  there  was  room  in  the  writer's 
paper  for  reference  to  engineers  who  proposed  the  works  carried 
out.  The  "Introduction"  to  the  paper  points  out  that  "as  the  sub- 
ject of  'Irrigation'  is  a  large  one,  and  'limits  have  been  assigned 
to  this  paper,'  references  are  given  in  foot  notes  to  the  various 
publications    in    which    fuller    information   may   be   found."      The 
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^vl•itel•  would  refer  liiin  to  the  Appendix  to  the  paper,  "The  Delta  Sir  H.  Brown. 
Barrage"  will  show  that  the  writer  was  aware  of  the  connection  of 
Sir  John  Fowler,  and  other  engineers,  with  the  Barrage.  The  his- 
tory of  the  study  of  the  storage  on  the  Nile  and  of  the  Wady 
Rayan  will  be  found  in  several  of  the  works  given  in  the  Appendix. 
The  limits  assigned  to  the  paper  were  so  restricted  that  the  Ivixury 
of  naming  those  who  were  connected  with  irrigation  in  Egypt,  both 
before  and  after  Mr.  Elliot  was  there,  had  to  be  foregone. 

The  writer  questions  the  accuracy  of  the  statement  that  a  better 
site  for  the  reservoir  could  have  been  obtained  at  Wady  Haifa,  but 
he  has  never  been  to  "the  then  terminus  of  the  Haifa  and  Khar- 
toum Railway." 

]\[r.  Elliot  is  right  in  thinking  little  of  a  reservoir  that  is  only 
capable  of  holding  2  000  000  or'  3  000  000  cu.  m.  above  draw-off  level. 
The  "millions"  of  the  paper  was  due  to  an  error  in  the  manuscript, 
the  word  should  have  been  milliards.  The  calculations  take  account 
of  the  evaporation ;  and  the  2  000  million  or  3  000  million  cu.  m. 
is  what  the  Wady  Rayan  is  calculated  as  being  able  to  supply;  not 
merely  capable  of  holding. 

Full  information  about  the  Assiout  and  Zifta  Barrages  is  to 
be  found  in  the  Minutes  of  the  Proceedings  of  the  Institution  of 
Civil  Engineers  for  1904. 

The  Victoria  Nyanza  figures  relating  to  evaporation  have  not  as 
yet  been  verified.  As  regards  the  lowering  of  the  lake  level,  the  Ger- 
mans might  object,  as  well  as  the  Traffic  Manager  of  the  Uganda 
Railway.  The  proposals  made  by  Sir  William  Garstin  in  his  late 
report  on  the  Upper  Nile  would  interest  Mr.  Elliot.  Sir  William 
Willcocks,  some  years  ago,  suggested  the  willow  for  training  in  the 
"Sadd"  region.  Sir  William  Garstin  has  lately  suggested  the 
"ambash"  for  the  same  piirpose.  But  all  these  matters,  referred  to 
by  Mr.  Elliot,  cannot  be  dealt  with  in  a  paper  of  a  fixed  length,  or 
in  the  discussion  on  it,  without  exceeding  reasonable  limits. 

Professor  Chatterton  is  quite  right  in  attaching  importance  to 
wells.  There  was  no  intention  to  depreciate  them.  Regarded  from 
a  purely  agricultural  point  of  view,  they  may,  no  doubt,  be  classed 
as  irrigation  works.  They  water  more  than  25%  of  the  whole  irri- 
gated area  of  India.  But  in  a  paper  mainly  written  from  the  point 
of  view  of  the  engineer,  wells  hardly  fall  under  the  title  of  irrigation 
works. 

With  reference  to  Mr.  Fuller's  remarks  about  the  temperature  of 
the  water  in  wells  and  in  open  channels,  it  is  the  fact  that,  in 
India,  there  is,  in  the  cold  weather,  a  great  difference  between  the 
two.  The  cultivators  of  opium  in  Behar  refused  to  take  canal  water 
for  their  crop,  on  several  occasions,  on  account  of  its  coldness  as 
compared  with  well  water.    In  the  hot  weather,  however,  the  differ- 
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Sir  H.  Brown,  ence  is  the  other  way  and  in  favour  of  the  canal  water.  The  warmer 
water  is  certainly  better  for  the  crop.  But  well  water  contains  none 
of  the  fertilising-  silt  which  is  so  much  valued  by  the  cultivators, 
and  which  they  obtain,  at  certain  times  of  the  year,  from  canal 
water. 

Mr.  Salvador.  Paul  Levy  SALVADOR,  EsQ.,,  Paris,  Prance.  (By  letter.)" —  Mr. 
Mead's  interesting  paper  shows  how  difficult  it  is,  in  the  United 
States,  to  insure  a  fair  distribution  of  river  water  for  irrigating  f)ur- 
poses  to  those  entitled  to  its  use,  especially  during  periods  of  very 
low  water.  The  author  mentions,  particularly,  the  case  of  the  Ar- 
kansas River. 

In  France,  the  same  difficulty  was  experienced  on  the  Durance 
Kivcr,  a  tributary  of  the  Rhone,  having  a  length  of  300  km.  and 
draining  a  water-shed  of  14  814  km.,  descending  from  the  high  Alps. 

Being  fed  principally  by  ice  and  snow,  the  extreme  low  water 
occurs  in  winter;  the  discharge  begins  to  increase  toward  April, 
when  the  snow  begins  to  thaw,  and  it  gradually  increases  until  the 
end  of  June.  At  that  time,  there  are  heavy  rains  which  bring  on 
important  floods,  but  these  are  of  short  duration.  On  the  contrary, 
in  summer,  the  rains  are  very  infrequent  and  the  temperature  very 
high;  the  discharge  begins  then  to  decrease  until  September  when 
the  autumnal  rains  begin.  When  cold  weather  sets  in,  the  dis- 
charge decreases  again  and  reaches  its  minimum  toward  the  end  of 
February. 

The  regimen  of  the  Durance  is  torrential ;  in  the  down-stream 
part  of  the  river,  the  floods  reach  at  times  more  than  3  600  cu.  m. 
per  sec,  while  at  extreme  low  water,  the  discharge  has  been  as  low 
as  25  cu.  m.  per  sec.  In  the  last  88  km.  of  its  course,  the  river 
crosses  the  rich  plain  of  Provence,  which  owes  its  fertility  entirely 
to  summer  irrigations;  along  this  course,  the  river  feeds  twenty 
irrigating  canals,  having  a  total  legal  allowance  of  88.5  cu.  m. 
per  sec. 

As  stated  in  the  paper,  the  irrigating  season  lasts  six  months 
(from  April  1st  to  October  1st),  and  although  this  season  coincides 
with  the  season  when  the  waters  of  the  Durance  reach  their  highest 
level,  it  has  happened  several  times  that  the  discharge  of  the  river, 
in  its  down-stream  portion,  has  fallen  much  below  the  figure  neces- 
sary to  permit  of  a  simultaneous  feeding  of  all  the  canals ;  in  April, 
1896,  particularly,  the  discharge  was"  but  48  cu.  m.  per  sec,  or  40 
cu.  m.  less  than  the  required  amount. 

According  to  the  French  legal  code,  the  oldest  concessions  have 
the  preference  and  stand  in  order  of  seniority.  As  some  irrigating 
ditches  fed  by  the  Durance  are  very  old  (the  three  oldest  have  titles 
of  concession  dating,  respectively,  from  1428,  1554  and  1754,  while 

♦Translated  from  the  French  by  Paul  A.  Seurot,  M.  Am.  Soc.  C.  E. 
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others  were  only  established  during-  the  eighteenth  and  the  nineteenth  Mr.  Salvador, 
centuries),  the  State  might  have  ordered,  as  far  as  necessaiy,  the 
closing  of  the  various  canals,  beginning  with  the  most  recent  ones. 
This  extreme  measure  was  not  applied,  however,  owing  to  the  dam- 
age it  might  have  caused  to  the  consumers  of  the  water  of  these 
irrigating  ditches,  but  as  several  of  the  consumers  were  suspected 
of  taking  more  than  their  legal  quota  of  water,  it  was  decided  to 
adopt  another  solution  whereby  the  disposable  volume  of  water  could 
be  distributed  between  the  several  concessions  in  proportion  to  the 
legal  allowance  of  each  one.  To  this  effect  a  regular  section  was 
chosen  on  each  irrigating  ditch  as  near  as  possible  to  the  intake,  and 
at  this  place  a  graduated  gauge  was  located,  as  well  as  an  apparatus 
recording  automatically  the  variations  of  the  water  level.  After 
some  experiments  a  table  and  diagram  of  the  discharges  correspond- 
ing to  the  various  heights  of  the  gauge  were  gotten  up,  which  per- 
mitted one  to  compute  the  discharge,  at  any  time,  by  a  simple  read- 
ing of  the  gauge. 

At  its  source,  the  Durance  runs  through  a  narrow  gorge  between 
two  ranges  of  high  hills  and  flows  in  a  single  channel;  observations 
are  taken  regularly  in  that  section  in  order  to  gauge  the  flow  and 
discharge  of  the  river.  Since  then  it  has  been  easy  to  fix  the  pro- 
portion by  which  each  intake  should  be  decreased  when  the  dis- 
charge falls  below  88.5  cu.  m.  per  sec.  Four  inspectors  were  ap- 
pointed by  the  State  to  see  that  each  consumer  received  only  the 
quantity  to  which  he  was  legally  entitled.  And  even  during  the 
lowest  stages  of  the  water,  no  infraction  against  this  ordinance  was 
reported,  although  in  April,  1896,  it  was  necessary  to  i-eduee  to  0.060 
of  the  normal  quota,  the  volume  allotted  to  each  consumer. 

These  measures  are,  after  all,  but  mere  makeshifts,  or  rather 
palliative  measures,  and,  for  some  years  past,  engineers  have  studied 
the  possibility  of  building,  in  the  region  of  the  Upper  Durance, 
storage  reservoirs  for  the  flood  waters,  which  could  be  used  to  iu- 
crease  the  discharge  of  the  river  during  periods  of  scarcity.  The 
problem  is  here  particularly  difficult,  because  the  Durance,  in  times 
of  floods,  moves  and  carries  great  volumes  of  silt  and  gravel.  It 
had  been  thought  that  a  great  dam  built  across  the  Upper  Durance 
would  be  sufiicient;  but  this  idea  had  to  be  abandoned  for  fear  that 
the  reservoir  would  be  rapidly  filled  up  with  gravel.  It  is  proposed 
now  to  build  several  smaller  reservoirs  in  the  upper  part  of  tribu- 
taries descending  from  wooded  slopes  and  carrying  less  gravel; 
nevertheless  special  measures  must  be  taken  to  insure  their  flow  by 
energetic  flushing  effected  alternately  on  all  the  reservoirs. 

Before  closing,  the  writer  would  say  a  few  words  regarding  the 
difficulties  attending  the  feeding  of  the  irrigating  ditches  with  the 
water  of  the  Durance  during  the  various  stages  of  the  river. 
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Mr.  Salvador.  While  during  the  flood  seasons,  the  main  channel  of  the  river  is 
more  than  1  km.  wide,  at  low  water,  it  is  divided  into  several  small 
branches  which  nin  sinuously  through  the  gravelly  bottom;  after 
each  flood,  this  gravel  is  moved  and  carried  from  place  to  place, 
changing  the  location  of  the  small  streams.  This  condition  has 
been  partly  improved  by  the  erection  of  submersible  dikes  which  fix 
the  channel  within  certain  limits  during  the  ordinary  stage.  The 
intakes  are  located,  as  far  as  possible,  on  the  concave  shores  near 
points  toward  which  the  current  runs,  or  toward  which  it  is  di- 
rected by  movable  dams  made  of  fascines  and  boulders  which  are 
carried  away  by  the  floods. 

At  some  points,  the  concave  shore  is  limited  by  rocks  jutting  out, 
the  base  of  which  is  always  under  water.  It  is  at  one  of  these 
points  that  in  1885,  at  the  time  of  its  reconstruction,  the  intake  of 
the  irrigating  canal  of  Chateaurenard  was  located,  which  canal  re- 
ceives an  allowance  of  3  000  liters  per  sec.  At  its  source,  the  canal 
passes  through  the  rock  in  tunnel,  and  the  section  where  the  water 
is  measured  and  gauged  is  located  at  the  exit  from  the  tunnel.  As 
is  shown  in  Plate  VIII,  the  intake  consists  of  four  iron  gates;  the 
apparatus  controlling  the  movements  of  these  gates  is  located  on  a 
platform  erected  1  m.  above  the  highest  known  water  level. 

When  the  writer  mentioned  the  use  of  rams  for  raising  water 
from  streams  for  ii*rigation  purposes,  he  took  into  consideration 
only  the  raising  of  small  quantities  of  water  to  an  ordinary  height. 

In  France  only  the  riparian  proprietors  have  the  right  to  use 
the  river  for  irrigation  purposes.  The  division  of  property  into 
small  holdings  has  resulted  in  a  great  many  small  enterprises,  and 
those  interested  hardly  ever  combine  to  erect  one  large  plant  which 
would  certainly  diminish  the  individual  expense  of  irrigation. 

The  ram  actually  vised  difl^ers  only  slightly  from  the  original 
Montgolfier  pump  in  details  of  construction,  which  have  been  in- 
troduced only  in  order  to  eliminate  the  hurtful  effects  of  shocks. 

The  modifications  in  question  have  resulted  in  an  improvement 
in  the  efficiency  of  the  apparatus,  which  reaches  from  70  to  75%  as 
long  as  the  ratio  between  the  elevation  and  fall  is  not  greater  than 
5  or  6  and  even  reaches  55  to  60%  when  this  ratio  becomes  20  or 
30.  The  writer  can  cite,  as  an  example  of  the  use  of  the  ram  for 
irrigation  purposes,  the  case  of  the  apparatus  installed  some  ten 
years  ago  in  the  Department  Correze,  which  uses  3  300  liters  per 
minute;  it  works  under  a  fall  of  6  m.,  and  raises  550  liters  per 
minute  to  a  height  of  25  m.  The  efficiency,  therefore,  is  greater 
than  70  per  cent. 

When  it  is  necessary  to  raise  quantities  of  water  to  a  great 
height,  the  pumps  which  have  been  described  in  the  writer's  paper 
are  used. 
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J.  E.  DE  Meyier,  Esq.,  The  Hasue.  The  Netherlands.  (By  letter.)  ^i^-  de  Meyier. 
The  system  in  Demak,  described  as  "irrigation  by  turns,"  is  not  ex- 
actly the  same  as  that  known  as  the  rotation  system  in  Egypt,  and 
the  following  special  case  may  be  g'iven  as  an  example.  Siippose  wo 
have  a  certain  extent  of  ground  where  a  quick-growing  kind  of  rice 
must  be  cultivated.  That  rice  on  that  ground,  which  is  very  heavy 
clay,  requires  two  weeks  for  plowing  under  a  large  supply  of  water. 
The  watering  can  be  alternate  or  by  rotation,  but  the  volume  re- 
quired corresponds  to  a  continvious  flow  of  20  cu.  ft.  per  sec.  for 
every  1  000  acres.  When  the  fields  are  plowed,  the  rice  is  not  sown 
directly,  but  the  seed  is  put  in  little  nursery-fields,  and  afterward 
the  grown  seedlings  are  transplanted  to  the  larger  area.  In  this 
way,  for  1000  acres  of  rice-fields,  only  some  60  to  100  acres  of 
nursery-fields  are  necessary  during  5  weeks  or  more.  In  these  5 
weeks,  only  a  full  supply  for  these  fields,  and  a  very  small  quantity 
for  the  further  preparing  of  fields  which  have  not  yet  been  planted, 
are  required.  After  transplanting  the  seedlings  to  the  larger  area, 
the  water  supply  is  gradually  augmented  for  a  week;  it  is  main- 
tained as  a  full  continuous  supply  for  three  weeks,  and  afterward, 
toward  the  ripening,  gradually  diminished. 

Placing  the  total  area  at  10  000  acres,  and  supposing  that  all  the 
labor  on  all  the  fields  took  place  during  the  same  periods,  in  the  19 
weeks  required  for  the  growing  of  the  crop  there  would  be  neces- 
sary the  number  of  cubic  feet  per  second,  which  are  inserted  in  the 
second  column  of  Table  7.  In  that  case,  during  the  first  2  weeks, 
200  cu.  ft.  per  sec.  would  be  necessary,  and  from  the  ninth  to  the 
eleventh  week,  120  cu.  ft.  per  sec.  Now,  it  is  supposed  that  the  river 
never  gives  a  supply  greater  than  95  cu.  ft.  per  sec,  but  that  water 
is  available  for  a  longer  time  than  nineteen  weeks,  although  in  lesser 
volume,  for  instance,  during  twenty-five  weeks.  In  that  case,  the 
area  may  be  divided  into  five  sections  of  2  000  acres  each.  In  the 
first  2  weeks  only  two  of  these  sections  get  water  for  plowing,  and 
the  others  must  wait.  Thi§  may  be  of  great  value,  because  cattle 
are  not  available  to  begin  the  plowing  everywhere  at  the  same  time. 
If  the  water  is  sufficient,  and  the  cattle  are  not  available,  perhaps, 
in  the  first  2  weeks,  only  one  section  of  2  000  acres  can  begin.  The 
combinations,  of  course,  are  unlimited,  but  we  may  take  the  ex- 
ample, shown  in  Table  7,  in  which  in  the  first  2  weeks  Sections  I 
and  II  begin,  in  the  following  2  weeks.  Sections  III  and  IV,  and, 
in  the  fifth  week.  Section  V  begins.  After  the  seventh  and  ninth 
weeks,  Sections  I,  II,  III,  and  IV  are  ready  for  transplanting,  but 
because  it  is  the  time  when  all  sections  want  the  full  supply  of  24 
cu.  ft.  per  sec,  the  transplanting  of  Section  IV  is  retarded  a  week 
and  that  of  Section  V  for  two  weeks,  a  difference  that  does  not  seem 
to  affect  seriously  the  value  of  the  seedlings.    In  that  way,  the  water 
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Mr.  de  Meyier.  supply  necessary  for  all  the  sections  combined,  as  inserted  in 
Column  8,  is  never  more  than  93  to  94  cu.  ft.  per  sec.  As  the  crop 
of  Section  V  is  perhaps  more  likely  to  require  rain  and  the  plant- 
ing of  older  seedlings,  the  order  of  rotation  is  inverted  in  the  fol- 
lowing year,  and  this  section  takes  the  place  of  the  former  first 
section,  etc. 

TABLE  7. 


Supply  in  Cubic  Feet  per  Second  for. 

K 

Number  of 
weeks. 

03  s 

® 

U  01 

The  area  divided  into  five  sections  of  2  000 
acres  each. 

Number  of  section. 

I 

II 

III 

IV 

V 

< 

1                    

200 

200 

25 

25 

25 

25 

25 

80 

120 

120 

120 

100 

100 

75 

75 

50 

50 

25 

25 

40 

40 

5 

5 

5 

5 

5 

16 

24 

24 

24 

20 

20 

15 

15 

10 

10 

1 

40 

40 

5 

5 

5 

5 

5 

16 

24 

24 

24 

20 

20 

15 

15 

10 

10 

5 

5 

80 

2                       

80 

3             

40 

40 

5 

5 

5 

5 

'     5 

16 

24 

24 

24 

20 

20 

15 

15 

10 

10 

5 

5 

40 
40 

5 

5 

5 

5 

5 

5 
16 
24 
24 
24 
20 
20 
15 

15     , 
10 
10 

5 

5 

90 

4    

90 

5 

40 
40 
5 
5 
5 
5 
5 
5 
5 
16 
24 
24 
24 
20 
20 
15 
15 
10 
10 
5 
5 

60 

6 

60 

7 

25 

8 

47 

9 

63 

10 

74 

11 

93 

12 

93 

13 

93 

14 

90 

15 

94 

16 

79 

17 

18 

74 
55 

19.            

50 

20 

30 

21 

25 

22.                      

15 

23.                      

10 

24 

5 

25 



5 

1 

It  is  clear  that  by  dividing  the  area  into  six  sections  and  by 
extending  the  time  between  the  beginning  of  the  first  and  the  reap- 
ing of  the  last  crop,  a  still  smaller  maximum  for  the  whole  area  can 
be  obtained,  but  that  limits  are  fixed  by  the  duration  of  the  rainy 
season  and  by  the  time  necessary  for  growing  the  crop,  which  in 
this  case  is  19  weeks,  in  others  26  weeks  or  more. 
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An  examination  of  the  two  large  volumes  constituting  the  Report 
of  the  Proceedings  of  the  Marine  Section  of  the  International  Engi- 
neering Congress,  held  in  Chicago  at  the  Columbian  Exposition  of 
1893,  will  serve  to  indicate,  in  a  comprehensive  manner,  the  status 
of  the  general  art  of  marine  construction  at  that  period.  An  attempt 
will  be  made  in  this  paper  to  indicate  in  briefer,  and  necessarily 
rauch  more  condensed,  form  the  chief  lines  along  which  progress  in 
marine  engineering  has  moved  since  that  time. 

Fuel  and  Combustion. 

The  propulsion  of  a  ship,  in  common  with  all  other  engineering 
operations,  requires  the  expenditure  of  energy,  and  the  activities  of 
the  marine  engineer,  therefore,  have  two  main  relations:  (1)  with 
the  source  of  energy  and  its  liberation  or  manifestation ;  (2)  with  the 
means  best  available  for  its  transformation  into  the  mechanical  work 
of  ship  propulsion. 

Thus  far,  heat  energy  alone  has  appeared  as  a  practicable  pri- 
mary form,  and  the  question  of  a  fuel  or  a  source  of  heat  energy 
naturally  presents  itself  as  the  first  question  demanding  consideration. 
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Coal  and  fuel  oil,  as  the  two  representative  sources  of  carbon  and 
hydrocarbon  compounds,  still  hold  the  field,  with  practically  no 
competition  for  marine-power  purposes. 

Regarding  coal,  its  status  as  a  fuel  has  remained  without  sub- 
stantial change  during  the  period  under  consideration.  Some  minor 
improvements  have  been  made  in  the  manufacture  of  briquettes,  and 
also  some  advance  in  the  methods  of  thiis  utilizing  varieties  or  forms 
of  coal  not  readily  available  under  ordinary  conditions.  From  the 
broad  perspective  view,  however,  coal  has  remained  as  the  standard 
marine  fuel,  and  with  only  such  relative  displacement  as  may  have 
resulted  from  the  somewhat  varying  use  of  fuel  oil. 

Regarding  means  for  handling  coal  from  the  bunkers  to  the  fur- 
nace, but  little  progress  can  be  noted.  A  few  installations  of 
mechanical  stokers  have  been  attempted  in  order  to  parallel,  if 
possible,  the  satisfactory  service  which  such  means  of  firing  have 
given  in  stationary  boiler  and  power-house  equipment. 

Perhaps  the  most  notable  examples  have  been  furnished  by  trial 
installations  on  Great  Lakes  steamers,  one  of  which  has  been  re- 
ported on  by  a  board  of  naval  engineers  after  observations  during 
an  extended  trip.*  On  the  whole,  the  results  of  these  attempts  do 
not  seem  to  have  been  entirely  satisfactory,  and  the  conditions  pre- 
vailing on  shipboard  and  in  stationarj^  boiler  plants  seem  to  differ 
to  such  an  extent  as  to  preclude  the  satisfactory  use  for  marine  ser- 
vice of  stokers  which  may  give  good  service  with  stationary  boilers. 
Further,  although  efforts  have  been  made  to  develop  a  satisfactory 
marine  type  of  mechanical  stoker,  they  have  not  met  with  encouraging 
success,  and  at  present  the  mechanical  stoker  cannot  be  said  to  have 
gained  a  foothold  in  the  standard  marine  practice  of  the  day.  Thia 
fact  is  the  more  surprising  in  view  of  the  extent  to  which,  in  all 
branches  of  engineering,  mechanical  processes  are  displacing  hand 
methods,  and  in  view  of  the  manifest  advantages  in  the  saving 
of  hand  labor  as  well  as  in  the  possibilities  of  utilizing  cheaper 
grades  of  fuel.  The  mechanical  handling  of  coal  from  the  bunker  to 
the  furnace  seems  to  be  a  yet  outlying  field  for  the  conquest  of  the 
engineer  and  inventor,  and  it  would  seem  strange  if  coming  years 
should  not  bring  with  them  some  solution  of  this  problem. 

Regarding  means  for  the  combustion  of  coal,  the  experience  of 

*  Journal,  Society  of  Naval  Engineers.  Vol.  XIII,  p.  805. 
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the  past  decade  has  fully  confirmed  and  established  the  use  of  hoi; 
draft  where  large  output,  without  sacrifice  of  efficiency,  is  desired. 
The  means  now  in  use  for  forcing  combustion  are  substantially  the 
same  as  those  in  vogue  in  the  early  part  of  the  decade,  and  may  be 
classified  as  follows: 

1. — Closed  fire-room,  involving  the  use  of  pressure  blowers  deliv- 
ering air  to  the  fire-room,  the  air  pressure  in  which  is  thus 
maintained  at  an  excess  over  that  in  the  furnaces; 

2. — Closed  ash-pit  and  furnace,  involving  the  use  of  pressure 
blowers  delivering  air  under  excess  pressure  through  an  air 
heater  to  the  ash-pits  and  over  the  grates,  as  the  needs  of 
combustion  may  require; 

3. — Induced  draft,  involving  the  use  of  exhaust  or  suction  fans 
in  the  uptakes,  and  producing  a  defect  of  pressure 
in  the  uptakes,  tubes  and  furnaces  in  consequence  of 
which  air  enters  through  an  air  heater  from  the  open  fire- 
room  under  a  head  represented  by  such  defect  of  pressure. 

The  closed  fire-room  system  is  not  readily  adaptable  to  the  pre- 
heating of  air,  and,  therefore,  is  but  rarely  used,  except  as  an  emer- 
gency provision,  or  on  naval  vessels  where  structural  arrangements 
may  render  difficult  the  installation  of  the  other  systems.  The 
closed  furnace  front,  with  excess  of  pressure  and  preheated  air,  as 
represented  by  the  Howden  system  and  its  variants,  and  the  induced 
system  with  exhaust  fans  in  the  uptakes  and  air  preheated  before 
entering  the  furnace,  as  represented  by  the  Ellis  and  Eaves  system, 
are  both,  however,  firmly  established  in  the  engineering  practice  of 
the  day,  and  each  system  is  represented  by  a  large  and  increasing 
number  of  successful  examples. 

The  induced  system  is  necessarily  the  bulkier  and  heavier  of  the 
two,  and  is  installed  usually  at  a  somewhat  increased  cost,  as  com- 
pared with  the  Howden  type.  Notwithstanding  these  disadvantages, 
its  operation,  on  the  whole,  seems  to  be  more  satisfactory  in  leaving 
the  fire-room  open,  in  admitting  of  a  ready  change  to  natural  draft 
if  desired,  and  in  providing  the  operating  conditions  of  an  intensi- 
fied draft  for  the  boiler.  Due  to  these  general  causes,  the  preference, 
as  exhibited  in  present-day  practice,  seems,  on  the  whole,  to  lie  with 
the  induced  system.    Both  systems  are  so  well  known  to  the  engineer- 
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ing  public  that  no  detailed  description  is  necessary,  and  it  will  be 
sufficient,  for  present  purposes,  to  give  to  the  matter  this  passing 
notice,  with  reference  again  to  the  definitely  established  status  which 
the  principal  of  hot,  mechanical  draft  has  attained  in  the  standard 
practice  of  the  present  day. 

Undoubtedly,  the  chief  line  of  progress  relating  to  fuel  during 
the  past  ten  years  has  had  relation  to  the  improvements  made  in  the 
practical  methods  of  handling  and  burning  fuel  oil  under  the  con- 
ditions which  prevail  in  marine  practice,  and  to  this  topic  attention 
will  now  be  given. 

The  Proceedings  of  the  Marine  Section  of  the  Engineering  Con- 
gress, held  in  Chicago  in  1893,  contain  a  most  comprehensive  paper 
by  Colonel  N.  Soliani  on  the  subject  of  oil  fuel  for  marine  pur- 
poses, and  reference  to  this  will  serve  admirably  to  show  the  attitude 
at  that  time  in  regard  to  its  availability  as  a  marine  fuel,  as  well 
-as  to  indicate  the  general  extent  to  which  its  use  has  become  defi- 
nitely demonstrated  as  practicable,  from  the  engineering  and 
economic  viewpoints.  Since  that  time  new  sources  of  oil  supply  have 
heen  discovered  and  exploited,  notably  in  Texas,  California  and 
Borneo,  and  there  has  been  a  general  readjustment  and  gradual 
change  in  the  distribution  of  oil  and  its  relative  availability,  from 
the  geographical  viewpoint.  These  changes  have  also  been  paral- 
leled by  corresponding  fluctuations  in  price,  relative  to  coal,  on  the 
whole,  downward  rather  than  upward,  and  having  in  view  the  decade 
as  a  whole.  These  changes  have  resulted,  in  general,  in  a  marked 
increase  in  the  use  of  fuel  oil  for  marine  service,  and  especially 
■within  the  past  three  or  four  years,  a  period  which  has  brought  more 
progress  in  this  direction  than  perhaps  any  ten  or  twenty  previous 
years. 

No  new  fundamental  principles  have  come  into  view  bearing  on  the 
economic  use  or  availability  of  fuel  oil  for  marine  purposes,  and  the 
practical  improvements  which  have  been  made  have  been  an  expres- 
sion of  the  better  understanding  and  realization  of  general  princi- 
ples well  known  from  the  earliest  days  of  its  use. 

Speaking  broadly,  the  general  conditions  for  efficient  and  rapid 
•combustion  of  oil  fuel  are  simple,  and  may  be  stated  as  follows : 

1. — The  introduction  of  the  fuel  into  the  furnace  as  a  vapor,  or 
in  the  most  finely  divided  state  possible,  in  order  that  its 
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passage  into  a  vapor  may  be  as  nearly  instantaneous  as 
possible; 

2. — The  intimate  mingling  of  the  vapor  thus  formed  with  air 
sufficient  for  complete  combustion; 

3. — The  production  of  the  vapor  at  the  highest  practicable  tem- 
perature, in  order  that,  at  the  point  of  ignition,  the  mini- 
mum heat  may  be  taken  from  the  furnace  for  the  eleva- 
tion of  the  vapor  to  the  ignition  temperature; 

4. — Suitable  volumes  in  the  furnace  and  combustion  chamber,  in 
order  that  the  combustion  may  be  completed  before  the 
gases  enter  the  tubes. 

Modern  installations  for  the  burning  of  fuel  oil  comprise  the  fol- 
lowing main  features,  the  relation  of  which  to  the  general  problem 
may  be  judged  by  reference  to  the  preceding  principles: 

1. — Settling  tanks  for  allowing  the  water,  which  is  often  found 
in  small  quantity  in  the  oil,  to  separate  and  settle  to  the  bottom, 
whence  it  may  be  drawn  off.  In  many  cases  such  tanks  are  provided 
in  duplicate,  and  filled  alternately  from  the  main  tanks,  and  thus 
the  oil  in  one  tank  will  be  clearing  of  water  while  the  other  cleared 
tank  is  furnishing  the  oil  for  current  demand. 

The  presence  of  water  at  the  burners  may  give  rise  to  trouble  by 
interrupting  the  supply  and  putting  out  the  flame,  after  which  oil 
will  continue  to  flow  in  and  vaporize,  with  the  danger  of  explosion. 

2. — Means  of  heating  the  oil  to  insure  fluidity  at  the  burners,  to 
facilitate  separation  of  the  water  and  to  further  the  rapid  trans- 
formation of  the  spray  into  the  condition  of  vapor.  Such  heating 
is  usually  provided  by  coils  carrying  exhaust  steam  or  hot  water, 
preferably  at  the  temperature  of  150  to  180°,  as  it  is  found  that  a 
higher  temperature  will  tend  to  produce  a  deposit  of  carbon  on  the 
oil  side  of  the  coils. 

3. — Oil-service  pumps,  in  accordance  with  the  details  of  the  sys- 
tem, and  comprising,  in  general,  means  for  handling  the  oil  from 
the  storage  tanks  to  the  settling  and  preheating  tanks,  and  from 
these  to  the  burners.  In  some  cases  the  settling  and  heating  tanks 
may  be  combined  in  one,  while  in  others  the  heating  is  effected  in 
a  closed  heater  through  which  the  oil  is  forced  under  pressvire  on  its 
way  from  the  burner-service   pi;mps   to   the   burners.        Strainers 
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should  also  be  provided  between  the  pump  and  the  burners  in  ordei 
to  remove  any  impurities  which  would  tend  to  clog  the  latter;  and 
it  may  be  recommended  that  such  strainers  should  be  installed  in 
pairs  in  a  double-branch  pipe  in  each  lead,  so  that  in  case  of  clog- 
ging the  oil  can  be  shut  off  from  either  strainer,  which  may  then 
be  removed  and  cleared  without  interrupting  the  normal  supply  of 
oil  to  the  burners. 

4. — Means  for  atomizing  or  vaporizing  the  oil  and  introducing  it 
into  the  furnace  with  sufficient  air  for  combustion.  This  item  in- 
cludes the  burner  as  one  of  the  distinctive  features  of  the  various 
so-called  "systems"  of  liquid-fuel  combustion. 

It  is  understood  that,  ultimately,  the  oil  must  burn  as  a  vapor, 
and  the  chief  problem,  therefore,  has  relation  to  the  production  of 
such  vapor,  and  its  proper  mixture  with  the  necessary  air  under  the 
best  conditions  for  economic  combustion. 

It  is  only  within  relatively  recent  years  that  the  fundamental 
importance  of  jninute  pulverization  has  been  fully  realized,  and, 
with  this  need  clearly  understood,  progress  in  mechanical  means  for 
fulfilling  such  condition  has  been  rapid.  In  many  of  the  earlier 
attempts  to  use  oil  fuel,  the  oil  was  sprayed  into  the  furnace  by  some 
form  of  injector,  and  only  imperfectly  atomized  by  such  means. 
Under  these  conditions  combustion  was  dependent  largely  on  a  bed 
of  incandescent  material,  such  as  fire-brick,  and  such  provision  has 
formed  an  essential  feature  of  many  systems  of  oil-fuel  combustion. 
It  may  be  said,  in  brief,  that  the  burner  will,  in  general,  be  more 
efficient  as  it  more  completely  atomizes  the  oil,  and  thus  prepares 
it  for  rapid  transformation  into  vapor  within  the  furnace;  and,  fur- 
thermore, as  this  condition  is  more  nearly  realized,  there  will  he  a 
corresponding  decrease  in  the  need  of  an  incandescent  body  of 
brickwork  to  maintain  the  conditions  for  perfect  combustion. 

In  a  general  way,  the  methods  used  for  atomizing  the  oil  have 
tended  to  fall  into  two  main  groups:  those  which  introduce  the 
liquid  as  a  fine  spray  atomized  mechanically,  or  by  steam,  or  com- 
pressed air,  or  some  combination  of  these  agencies;  and  those  which 
first  vaporize  the  oil  in  an  external  chamber  or  passage,  and  intro- 
duce it  to  the  furnace  as  a  vapor.  In  both  cases  it  is  presumed  that 
the  substance  biirns  as  a  vapor,  and  the  real  difference  in  the  sys- 
tems consists  in  the  introduction,  in  the  one  case,  of  a  fine  liquid 
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spray,  which  mtist  almost  instantaneously  flash  into  vapor  and  then 
ignite,  while  in  the  other  the  condition  of  vapor  is  more  completely 
realized  before  the  oil  reaches  the  furnace. 

For  realizing  these  conditions,  three  agencies  may  be  mentioned, 
operating,  briefly,  as  follows: 

a. — High-Pressure  Jet  and  Low-Pressure  Air. — ^In  this  case  the 
oil,  under  a  considerable  pressure,  as,  for  example,  from  20  to  30  lb. 
per  sq.  in.,  escapes  from  a  small  orifice  and  is  spurted  against  some 
form  of  conical  or  helicoidal  surface,  or  series  of  vanes,  thus  pro- 
ducing mechanically  a  spray  of  oil.  This  is  followed  by  air  under 
moderate  blast  pressure,  for  example  10  to  15  oz.,  and  in  sufficient 
quantity  to  answer  all  or  nearly  all  demands  for  complete 
combustion. 

In  this  system,  therefore,  all  or  nearly  all  the  air  required  for 
combustion  is  handled  under  moderate  blast  pressure,  and  its  chief 
function  is  undoubtedly  the  more  or  less  complete  vaporization  of 
the  jet  after  mechanical  pulverization  and  before  it  reaches  the 
point  of  ignition. 

h. — Low-Pressure  Jet  and  High-Pressure  Air. — In  this  system 
the  oil  may  flow  by  gravity  or  under  very  low  pressure  to  the  nozzles, 
where  it  is  caught  by  a  jet  of  high-pressure  air,  and  more  or  less 
completely  pulverized  and  swept  on  into  the  furnace.  Not  all  the 
air  needed  for  combustion  is  thus  introduced,  and  an  auxiliary  sup- 
ply must  be  provided  in  such  manner  as  will  insure  a  proper  ming- 
ling with  the  spray,  and  the  realization  of  the  conditions  needed  for 
complete  combustion. 

c. — Low-Pressure  Jet  and  High-Pressure  Steam. — In  this  system 
the  mechanical  arrangements  are  similar  to  those  of  the  preceding, 
but  steam  instead  of  air  is  used  as  the  pulverizing  agent,  and  all 
air  needed  for  combustion  must  be  supplied  additionally. 

There  is,  however,  no  absolute  line  of  demarcation  between  these 
various  systems  as  regards  pressures  used,  and  varying  proportions 
of  oil  pressure  and  air  blast  or  steam  pressure  have  been  successfully 
utilized. 

As  between  air  and  steam  for  the  atomizing  agent,  experience 
seems  to  indicate  that  the  best  economic  results  may  be  realized 
by  the  use  of  preheated  air.  This  requires  the  installation  of  an  air 
compressor  or  pressure  fan  as  an  item  of  auxiliary  machinery,  and 
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since  such  fan  or  compressor  may  break  down,  provision  has  been 
made  frequently  for  the  temporary  use  of  steam  under  emergency 
cases.  On  the  other  hand,  the  use  of  steam  is  a  most  serious  tax 
on  the  fresh-water  supply,  and  necessitates  the  provision  of  extra 
evaporator  or  fresh-water  storage  capacity,  in  order  to  avoid  the 
use  of  salt  feed  in  the  boilers.  With  the  use  of  steam,  it  is  believed 
that  better  economic  results  may  be  attained  by  superheating  before 
admission  to  the  burners,  thus  atomizing  at  a  higher  temperature 
than  by  the  use  of  saturated  steam. 

In  all  cases,  and  in  accordance  with  the  principles  noted  pre- 
viously, the  use  of  air  heated  before  admission  to  the  furnace  or 
admixture  with  the  vapor  has  been  shown  to  be  favorable  to  effi- 
ciency. This  is  a  feature  of  the  greatest  importance,  from  the  eco- 
nomic viewpoint,  and  no  small  part  of  the  recent  advance  in  effi- 
ciency of  operation  is  due  to  the  better  realization  and  fulfillment 
of  this  condition. 

d. — The  Furnace  Arrangements. — In  many  cases  these  have  in- 
cluded fire-brick  on  the  grates,  or  a  more  or  less  complete  fire-brick 
lining  for  the  furnace,  both  for  the  protection  of  the  steel  plates  and 
to  serve  as  a  reservoir  of  heat,  as  previously  noted.  In  other  cases, 
.  and  especially  where  the  oil  is  vaporized  before  introduction  into 
the  furnace,  the  brickwork  has  been  discarded  without  serious  re- 
sults, provided  the  furnace  is  of  sufficient  size  to  permit  of  the  com- 
pletion of  the  combustion  before  the  flame  impinges  on  the  metal 
surfaces.  The  question  of  the  safety  of  the  plates  seems  to  turn 
largely  on  the  provision  of  a  volume  and  length  sufficient  to  fulfill 
the  condition  just  stated,  and  with  a  satisfactory  fulfillment  of  this 
condition  no  trouble  seems  to  be  encountered  with  the  structure  of 
the  furnace  and  boiler.  Otherwise,  rivet  heads  and  tube  ends  have 
sufFered,  plates  have  been  cracked  and  serious  damage  has  resulted 
to  the  structure  of  the  boiler.  Many  good  engineers  still  consider 
protection  by  brickwork  as  desirable  in  order  to  avoid  damage  of 
this  character. 

Advantages. 

The  various  advantages  which  have  been  claimed  for  oil  fuel, 
and  which  experience,  in  greater  or  less  degree,  has  confirmed,  are 
as  follows: 
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1. — The  Saving  of  Labor  in  the  Fire-Boom. — This  results  from 
the  fact  that  the  fuel  is  handled  mechanically,  and  from  the  absence 
of  ash,  clinker  and  soot.  Due  to  these  facts,  the  fire-room  force  may 
be  reduced  in  marked  degree,  with  corresponding  saving  in  cost  of 
operation.  In  several  actual  cases  this  reduction  has  brought  the 
fire-room  force  down  to  from  one-half  to  one-third  its  number  with 
coal,  and  has  reduced  the  entire  engineering  force  to  but  little 
more  than  one-half  its  size  with  coal. 

2. — The  Greater  Evaporative  Power  of  Oil,  as  Compared  with 
Coal.  Pound  for  Pound. — The  ratio  may  be  taken  at  about  10  to  7, 
although  a  somewhat  lower  figure,  perhaps,  is  preferable  in  estimates 
regarding  the  relative  amount  of  fuel  required  in  any  given  case. 
There  results  directly  a  decrease  in  the  weight  of  fuel  required  in 
any  given  case,  or  an  increase  in  the  steaming  radius  with  a  given 
weight. 

3. — Better  Stowage. — The  bunl^er  capacity  for  a  given  service 
is  decreased  by  the  decrease  in  the  weight  of  fuel,  and  because  oil 
requires  less  space  per  ton  than  coal.  The  former  may  be  estimated 
at  about  36,  and  the  latter  at  from  42  to  45  cu.  ft.  per  ton.  With 
given  bunker  volume,  therefore,  the  steaming  radius  will  be  in- 
creased, due  to  both  causes.  Oil  may  also  be  stowed  in  double  bot- 
toms and  other  places  which  would  not  be  available  for  coal  or  cargo. 

4. — Facility  of  Handling. — With  appropriate  handling  facilities, 
cil  fuel  may  be  placed  on  board  ship  with  great  rapidity,  and  much 
time  saved  in  fueling  as  compared  with  coal.  Experience  has  shown 
in  cases  requiring  24  hours  and  more  for  coaling,  that  the  equivalent 
oil  fuel  can  be  taken  aboard  in  from  6  to  8  hours,  or  even  less. 

5. — Increase  in  Maneuvering  Power  ivith  Naval  Vessels. — The 
rate  of  combustion  is  under  immediate  and  ready  control,  and  be- 
tween wide  limits  may  be  varied  at  a  moment^s  notice.  This  may  be 
of  the  greatest  advantage  for  naval  vessels  when  the  service  is  irreg- 
ular, and  demands  for  steam  may  rapidly  pass  through  wide  fluctua- 
tions. 

6. — Wear  and  Tear  on  Boilers. — Under  proper  conditions  the 
combustion  of  oil  may  be  made  practically  smokeless  and  without 
the  formation  of  soot,  and  since  there  is  no  ash,  there  is  no  occasion 
for  a  varying  regimen  of  the  boilers  from  one  day's  end  to  another. 
This  is  conducive  to  long  life  of  the  structure,  provided  local  effects 


192  MARINE   ENGINEERING. 

m  the  furnace  are  avoided  by  complete  combustion,  suitable  propor- 
tions and  shielding,  if  needful.  This  situation  may,  however,  easily 
pass  from  an  advantage  to  a  disadvantage  provided  the  conditions 
for  avoiding  local  effects  are  not  fulfilled. 

Disadvantages  and  Sources  of  Trouble. 

1. — Noise  and  Odor. — These  items  relate  to  comfort  and  conve- 
nience rather  than  engineering  considerations.  Oil-fuel  burners  are 
noisy  in  varying  degrees,  and  unpleasant  odors  are  given  off  to  an 
extent  according  to  the  grade  of  oil,  the  temperature  and  other 
circumstances. 

2. — Danger  in  Stowage  and  Handling. — The  question  of  danger 
depends  largely  on  the  tendency  of  oil  to  give  off  vapors  which, 
when  mingled  with  air,  may  produce  an  explosive  mixture.  This 
will  depend  on  the  grade  of  oil  and  the  temperature  to  which  it  is 
exposed.  Crude  oil,  with  the  lighter  constituents  unremoved  and 
in  a  warm  climate,  will  readily  give  off  such  vapors,  and  its  use 
requires  special  care  in  connection  with  the  ventilation  of  all 
spaces  where  they  might  collect  and  become  mixed  with  air.  Fuel 
oil,  however,  with  the  lighter  constituents,  benzine,  naphtha,  etc., 
removed  by  a  first  distillation,  will  not  give  off  such  vapors  readily, 
and  the  element  of  danger  is  thereby  largely  removed.  Due  care, 
however,  is  always  desirable  in  connection  with  ventilation  and  the 
prevention  of  the  accumulation  of  any  such  vapors  in  inclosed 
spaces  within  the  ship. 

3. — Wear  and  Tear  on  Boilers. — Relative  to  coal,  the  wear  and 
tear  on  boilers  may  be  greater  or  less  according  to  conditions.  When 
due  provision  is  not  made  for  protecting  the  sheets  of  the  furnace, 
and  where  the  rate  of  combustion  is  such  that  the  flames  play 
directly  upon  exposed  surfaces,  the  wear  on  rivet  heads,  tube  ends 
and  other  exposed  points  may  be  serious.  With  some  provision  for 
protecting  the  points  most  exposed,  and  with  space  sufficient  to 
permit  the  combustion  to  be  completed  before  the  gas  reaches  the 
sheets  and  exposed  surfaces,  these  troubles  may  be  avoided,  and 
under  favorable  conditions,  there  is  reason  to  believe  that  internal 
wear  and  tear  may  be  made  less  than  with  coal  fuel. 

4, — Uncertainty  in  Supply  and  Cost. — The  supply  of  oil  fuel  is 
somewhat  uncertain,  and  the  price  fluctuates  more  widely  than  that 
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of  coal.  Recent  oil-fields  in  Texas,  California,  Borneo  and  else- 
where, have  added  largely  to  the  visible  supply,  and  have  provided 
a  more  definite  surplus  over  that  needed  in  other  branches  of 
industry,  thus  placing  the  use  of  oil  more  definitely  on  a  fuel  basis. 
The  rate  of  supply,  however,  is  fluctuating,  and  there  is  an  un- 
certainty regarding  the  tendency  in  prices,  especially  if  the  world's 
demand  for  :piarine  fuel  should  turn  largely  to  oil.  At  present  oil 
fuel  can  fairly  compete  with  coal  in  many  parts  of  the  world,  while 
in  others,  coal  will  be  found  the  cheaper,  counting  in  each  case 
final  operating  expenses  chargeable  to  the  fuel  account. 

5. — Minor  Difficulties. — Among  minor  difficulties  connected  with 
the  use  of  oil  fuel,  mention  may  be  made  of  the  need  of  settling 
tanks,  and  the  danger  of  putting  out  the  flame  if  the  water  is  not 
allowed  to  separate  in  this  manner;  the  varying  fluidity  of  the  oil 
with  changes  in  temperature,  and  the  need  of  heating  coils  to  insure, 
in  all  temperatures,  the  degree  of  fluidity  needful  for  the  best  results 
at  the  burners;  the  liability  of  the  burners  to  become  clogged  with 
sticky  deposits  of  tar  and  carbon,  thus  interrupting  their  service 
and  requiring  cleaning;  the  liability  of  the  furnace  to  become,  at 
various  localities,  loaded  with  deposits  of  a  similar  character. 

These  troubles  with  deposits  of  tar  and  carbon  depend  much  on 
the  type  of  burner  used,  and  on  the  extent  to  which  the  proper 
conditions  for  complete  combustion  are  realized.  Under  good  condi- 
tions and  with  the  best  modern  types  of  installation,  they  have 
become  quite  negligible. 

6. — Limitations. — One  of  the  most  serious  limitations  to  the  use 
of  oil  fuel,  especially  for  naval  service,  has  been  the  difficulty  of 
attaining  high  rates  of  forced  combustion.  Until  relatively  recent 
years  any  attempt  to  force  the  combustion,  and  hence  the  output 
of  the  boiler,  beyond  relatively  moderate  rates,  has  been  met  with 
imperfect  combustion,  clouds  of  smoke,  general  inefficiency,  and 
failure  to  realize  the  conditions  desired. 

It  thus  resulted  that  a  greater  output  per  pound  of  boiler  or 
per  square  foot  of  heating  surface,  could  be  obtained  by  the  use  of 
coal  rather  than  oil  fuel.  Further  st^idy  of  the  problem,  however, 
and  especially  the  experiments  carried  on  since  1902  by  the  Bureau 
of  Steam  Engineering  of  the  United  States  Navy  Department,  have 
shown  clearly  that  with  a  proper  form  of  burner,  proper  proportions 
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in  the  boiler,  and,  above  all,  hot-air  blast  and  draft,  the  combustion 
of  oil  can  be  forced  to  any  desired  amount,  up  to  a  full  equivalent 
with  coal,  relative  to  the  output  for  a  given  boiler.  With  proper 
provision  for  the  needful  air  supply,  delivered  and  mingled  with  the 
oil  at  a  suitable  temperature,  it  is  found,  therefore,  that  this  limita- 
tion is  quite  satisfactorily  removed,  and  that  oil  fuel,  up  to  any 
rate  of  combustion  which  present  demands  are  likely  to  require, 
may  be  used. 

Economic  Eesults. 

The  chief  economic  results  are  involved  in  the  three  relations : 
1. — Oil  to   steam   evaporated,   or   pounds   of   steam   per   pound 

of  oil; 
2. — Oil  to  indicated  horse-power,  or  pounds  of  oil  per  indicated 

horse-power  per  hour; 
3. — Cost   of  atomizing  the   oil,   expressed   directly   in  terms   of 

steam,  if  steam  is  used  as  the  atomizing  agent,  or  in  terms 

of    steam    required    to    operate    compressors    or    fans,    if 

air  is  used  as  the  atomizing  agent. 

For  the  steam  generated  per  pound  of  oil  burned  figures  are 
found  varying  from  12  to  15  or  16.  There  are  lacking  reliable  data 
and  a  tendency  to  assume  the  higher  values.  It  is  probable  that 
values  higher  than  13  or  14  should  not  be  counted  on  for  sustained 
sea  conditions.  It  follows  from  the  known  steam  consumption  of 
good  marine  engines  that  1  i.  h.  p.  will  require  from  1  to  1.3  or 
1.4  lb.  of  oil.  Here,  again,  the  tendency  is  to  extremes,  and  claims 
of  oil  consumption  of  less  than  1  lb.  per  i.  h.  p.  per  hr.  have  been 
made;  but,  with  good  triple-expansion  engines,  with  steam  at  about 
180  lb.,  it  is  not  probable  that  a  figure  lower  than  1.2  lb.  per  i.  h.  p. 
per  hr.  in  the  main  engine  should  be  counted  on  for  sustained 
conditions. 

For  the  cost  of  atomizing,  the  figures,  as  may  be  expected,  vary 
widely.  Where  steam  alone  is  used  several  reliable  tests  indicate  a 
value  not  far  from  4%  of  the  steam  generated,  or  not  far  from  4  lb. 
of  steam  per  pound  of  oil.  Where  blowers  or  fans  are  used,  fewer 
direct  data  are  available,  but  the  indications  are  that  the  steam 
required  does  not  differ  greatly  in  the  two  cases.    In  the  latter  case. 
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of  course,  it  is  returned  to  the  condenser,  and  its  use  does  not 
become  a  drain  on  the  fresh-water  supply,  as  in  the  case  of  atomizing 
by  steam  direct. 

Outlook  for  the  Future. 

It  may  be  claimed  that  the  various  mechanical  difficulties  in 
connection  with  the  burning  of  oil  fuel  have  been  fairly  overcome, 
and  that,  by  the  best  modern  systems,  such  fuel  may  be  used 
with  efficiency  and  without  mechanical  disturbance  of  the  regularity 
of  the  service.  It  should  be  noted,  however,  that  modern  experience 
has  shown  that  different  oils  require  different  treatment  in  detail, 
and  hence  the  minor  arrangements  of  an  adequate  oil-fuel  system 
must  admit  of  variation  to  meet  the  loeculiar  demands  of  the  fuel 
m  hand.  Furthermore,  it  should  be  noted  that  thus  far  practically 
all  oil-burning  installations  have  been  made  in  connection  with 
boilers  designed  originally  for  coal  fuel,  or  at  least  designed  with 
the  furnace  proportions  and  general  arrangements  which  are  the 
outcome  of  experience  with  such  fuel.  While  this  may  seem  desir- 
able as  a  general  provision  for  reversion  to  the  use  of  coal  in  case 
of  need,  yet  it  can  scarcely  be  doubted  that,  for  the  best  results,  the 
boiler  should  be  designed  with  direct  reference  to  the  fuel  which  is 
to  be  used,  and  that  in  cases  definitely  committed  to  the  use  of  oil 
fuel,  the  boilers  should  be  designed  in  the  light  of  such  fact,  and 
that  with  such  boilers  still  more  satisfactory  results  may  be  antici- 
pated than  with  those  in  which  the  design  is  baged  primarily  on  the 
use  of  coal  fuel. 

With  the  various  mechanical  and  engineering  diffici;lties  well  in 
hand,  the  use  of  oil  fuel  becomes  chiefly  a  question  of  supply,  and 
of  price,  relative  to  coal.  At  certain  points,  as  on  the  coast  of  Cali- 
fornia, oil  fuel  is  decidedly  cheaper  than  coal,  at  others,  the  price 
is  more  nearly  equal,  and  at  still  others,  oil  is  the  more  expensive. 
It  thus  results,  due  to  the  different  geographical  distribution  of  the 
oil-  and  coal-bearing  fields,  that  there  is  certain  to  be  a  varying 
relation  between  the  prices  of  the  two,  and  that  only  in  special 
types  of  service,  or  at  specially  favored  points  of  supply,  can  oil 
fuel,  at  the  present  rate  of  output,  compete  advantageously  with  coal 
in  price. 
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It  should  be  noted  that  the  price  of  oil  and  coal  alone,  compared 
with  the  output,  in  terms  of  steam  generated,  can  rarely  give  a 
result  which  is  fair  to  the  former.  The  comparison  should  be  made 
on  the  basis  of  the  complete  cost  of  a  pound  of  steam  with  the  two 
fuels,  including  not  only  the  direct  cost  of  the  fuels  themselves,  but 
also  all  labor  costs  incident  thereto,  as  well  as  interest,  deprecia- 
tion and  insurance  charges.  These  latter  fixed  charges  will  surely 
not  differ  widely  in  the  two  cases,  under  proper  and  favorable  condi- 
tions for  each,  and  the  comparison  should  include  primarily,  there- 
fore, the  combined  fuel  and  labor  cost.  With  such  a  basis  of 
comparison,  and  due  to  the  saving  of  labor  with  oil,  cases  in  which 
the  cost  of  steam  per  pound  may  be  more  with  oil  than  with  coal, 
counting  fuel  cost  alone,  may  yet  show,  on  the  broader  basis,  a  fair 
advantage  for  oil  and  ample  justification  for  its  use. 

Regarding  the  future  supply  of  oil  fuel  no  prediction  can  be 
made,  but  with  anything  approaching  the  present  relations  between 
the  supply  of  the  two  great  types  of  fuel,  a  gradual  extension  in 
the  use  of  oil  may  be  safely  anticipated,  as  its  practicability  becomes 
more  widely  known,  and  as  the  conditions  under  which  it  may  be 
utilized  advantageously  come  to  be  understood  more  clearly. 

Marine  Boilers. 

The  most  notable  feature,  in  connection  with  the  development 
of  the  marine  boiler  during  the  past  decade,  has  been  the  relative 
rapidity  with  which  the  water-tiibe  type  has  entered  into  practically 
full  possession  of  the  field  of  naval  practice,  and  conversely  the 
slowness  of  its  progress  in  the  field  of  general  mercantile  practice. 
At  the  present  day,  the  water-tube  boiler  stands  without  a  rival  as 
typical  of  naval  design,  while  the  fire-tube  or  Scotch  form  still 
retains  its  hold  as  the  representative  boiler  in  the  mercantile  marine. 

Furthermore,  the  latter  type  of  boiler  has  become  so  definitely 
fixed  in  proportion  and  design,  that  only  slight  changes  are  to  be 
found  in  representative  and  standard  practice.  Such  changes  as 
may  be  noted  are  chiefly  the  result  of  special  conditions  or  demandg, 
such  as  the  adaptation  of  furnace  details  to  the  use  of  oil  fuel, 
special  furnace  fronts  and  connections  for  hot  forced  draft,  etc. 
Steam  pressures  with  Scotch  boilers  have  remained  nearly  stationary 
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for  the  decade  under  consideration.  It  would  be,  perhaps,  more 
exact  to  say  that  the  upper  limit  has  risen  but  slightly,  though  there 
has  been  a  slight  rise  in  the  average  pressures  used.  While  Scotch 
boilers  have  been  built  for  220-lb.  pressure  and  even  more,  yet  180 
and  200  lb.  may  be  considered  as  better  representing  the  upper  limit 
of  good  practice,  while  the  range  from  170  to  180  lb.  represents, 
perhaps,  the  middle  field,  and  covers  the  larger  part  of  present, 
standard,  marine  practice  with  boilers  of  this  type. 

Prevailing  forms  may  be  either  single-  or  double-  end,  and  with 
two,  three  or  four  furnaces  in  each  end,  according  to  the  size  and 
capacity  of  units  desired.  Two-furnace  boilers  range  about  11  or 
12  ft.,  three-furnace  boilers,  13  to  14  ft.  and  four-furnace  boilers, 
15  to  16  ft.  in  diameter.  Double-end  four-furnace  boilers  of  the 
largest  size  contain,  perhaps,  180  sq.  ft.  of  grate  surface,  from  6  000 
to  7  000  sq.  ft.  of  heating  surface,  and,  with  economical  engines 
and  under  mechanical  draft,  will  generate  steam  for  2  500  i.  h.  p. 
and  more. 

The  materials  of  construction  remain  likewise  substantially  un- 
changed, and  the  general  rules  of  the  leading  registration  societies 
in  relation  to  boiler  construction,  have  undergone  but  slight  change 
during  the  period  under  consideration. 

Scotch  boilers  installed  on  shipboard  with  fittings  and  connec- 
tions weigh  from  35  to  40  or  45  lb.  per  sq.  ft.  of  heating  surface, 
or  from  60  to  70  lb.  per  h.  p.  upward  to  100  lb.  or  more  according  to 
the  details  of  design  and  the  degree  to  which  they  are  forced. 

With  water,  and  in  steaming  condition,  the  corresponding  figures 
range  some  30  to  40%  higher,  according  to  the  details  of  the  case. 

The  following,  taken  from  the  last  issue  of  the  Rules  of  the 
American  Bureau  of  Shipping,  may  be  taken  as  representing 
standard  specifications  for  boiler  material  at  the  present  time,  and 
the  details  show  only  moderate  advances  over  those  in  force  a 
decade  ago: 

"1. — Steel  used  in  the  construction  of  marine  boilers  must  fulfill 
the  following  conditions: 

Quality  or  process:  Open-hearth. 
SheU: 

Phosphorus:  Not  more  than  0.04  of  1  per  cent. 
Sulphur:  Not  more  than  0.04  of  1  per  cent. 
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Fire  Box: 

Phosphorus:  Not  more  than  0.035  of  1  per  cent. 
Sulphur:  Not  more  than  0.035  of  1  per  cent. 
"2.— Tensile  Strength : 

Eivet  steel :  45  000  to  55  000  lb.  per  sq.  in. 
Flange  steel :  55  000  to  65  000  lb.  per  sq.  in. 
Fire-box  quality :  52  000  to  62  000  lb.  per  sq.  in. 
Shell  steel :  55  000  to  YO  000  lb.  per  sq.  in. 
Braces  and  stays:  55  000  to  65  000  lb.  per  sq.  in. 
Tubes :  52  000  to  62  000  lb.  per  sq.  in. 
"3. — Elongation : 

Rivet  steel :  28%  in  8  in. 

All  other  steel  of  52  000  to  62  000  lb.  tensile  strength : 
|-in.  and  less:  20%  in  8  in. 
|-in.  to  |-in. :  22%  in  8  in. 
|-in.  and  more:  25%  in  8  in. 
"4. — Cold-bending  and  quench  tests : 
Rivet  steel: 

Must  bend  180°  flat  on  itself  without  fracture  on  out- 
side of  bent  portion. 
All  steel  of  52  000  to  62  000  lb.  tensile  strength : 

i  in.  thick  and  under:  Must  bend  180°  flat  on  itself 

without  fracture  on  outside  of  bent  portion. 
Over  J  in.  thick:  Must  bend  180°   around  a  mandrel 
one  and  one-half  times  the  thickness  of  test  piece 
without  fracture  on  outside  of  bent  portion. 
Boiler  Tubes: 

Hydrostatic  test  to  be  applied  to  all  tubes  by  maker: 
Subjected  to  internal  pressure  of  500  lb.  per  sq.  in. 
and  when  under  pressure  to  be  lightly  hammered, 
especially  on  weld,  if  welded  tubes  are  used. 
.  Cold  tests  to  be  applied  to  not  less  than  one  tube 
in  fifty,  in  the  judgment  of  the  inspector. 
End  of  tube  must  allow  of  being  expanded  cold  by 
conical  drift  to  10%  excess  on  outside  diameter. 
Length  of  4  in.   must  be  flattened  till  sides   are 
close,  wi1h  weld   (if  tlie  tube  is  welded)   at  the 
turn  of  the  fold,  and  without  showing  fracture. 
End  of  tube  must  allow  of  being  flanged  at  right 
angles  to  the  tube;  width  of  flange  fV  in.  from 
barrel  of  tube,  and  without  showing  fracture." 
Regarding  special  materials,  some  attempts  have  been  made  to 
use   nickel   steel   in   boiler   construction,   b\it    they   have   been   too 
limited  to  have  made  any  marked  impression  on  the  general  practice 
in  this  field. 
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The  shells  of  the  Scotch  boilers  for  the  U.  S.  S.  Chicago  were 
made  of  a  low  nickel  steel,  and  have  given  excellent  results,  but  so 
little  trouble  is  to  be  expected  from  the  shells  of  such  boilers  that 
the  good  results  reported  furnish  uncertain  evidence  regarding  the 
value  of  the  special  material  used.     Some  saving  in  weight  could 
be  effected  in  a  boiler   designed   with   reference  to   the   full  test 
strength  of  nickel  steel,  but  this  would  be  a  step  which  few  marine 
designers  would  care  to  take,  with  the  information  regarding  the 
general  adaptation  of  such  material  for  boiler  shells  and  like  pur- 
poses which  is  at  present  in  hand.    Furthermore,  the  relatively  high 
X>rice  of  nickel  steel  renders  its  use  of  uncertain  financial  advantage, 
counting  interest  on  added  investment  against  the  saving  of  weight 
which  might  be  gained  through  the  use  of  such  special  materials. 
The  most  serious  question  regarding  material  for  steam  boilers  is, 
perhaps,  not  so  much  whether  it  is  or  is  not  a  few  pounds  stronger 
than  standard  steel,  but  how  it  stands  in  regard  to  corrosion.    The 
use  or  disuse  of  nickel  and  other  special  steels  will  thus  be  found 
to  turn,  perhaps,  more  on  their  standing  relative  to  corrosion,  than 
upon  the  fact  of  tensile  strength  alone.     Quite  recently  there  have 
been  hopeful  indications  regarding  the  use  of  a  high  nickel  steel 
for  boiler  tubes.    Such  material  contains  from  25  to  30%  of  nickel, 
and  has   shown  remarkable   results   in   strength   and   in   resisting 
corrosion.     The   cost  of  such  tubes   is   about  three  times  that   of 
carbon  steel,  but  it  is  claimed  that  a  life  of  from  two  to  three  times 
as  long  may  be  realized,  with  a  saving  in  weight,  and  with  a  scrap 
value  of  the  tubes  estimated  at  about  20  cents  per  pound  of  nickel 
content.     This  seems  to  make  a  good   case  for  the  use  of  such 
material,    and    in    any    event,   the   possibilities    indicated    for   the 
material  are  full  of  interest  and  importance  with  reference  to  this 
general  problem  of  corrosion  and  deterioration  in  the  heating  sur- 
faces of  marine  boilers. 

The  condition  regarding  the  adoption  of  water-tube  boilers  has 
been  already  indicated.  In  the  class  of  torpedo  boats  and  destroyers 
this  type  of  boiler  had  already  become  an  established  fact  at  the 
beginning  of  the  decade  under  review,  and  the  experience  of  later 
years  has  only  served  to  confirm  its  special  adaptability  to  the 
conditions  presented  by  such   designs.     In  battle-ship   and  cruiser 
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design,  however,  the  fire-tube  type  still  held  the  field,  and  it  was 
not  until  the  past  decade  that  their  use  for  vessels  of  these  types 
became  accepted  as  standard.  At  the  present  time,  however,  they 
have  acquired  practically  the  entire  field  of  naval  practice,  and  no 
other  type  is  seriously  considered  in  standard  naval  design.  Accord- 
ing to  recent  estimates,  there  is  at  present  installed,  or  under  con- 
struction, in  ships  of  the  various  naval  powers,  a  grand  total  of 
about  6  500  000  h.  p.  in  boilers  of  this  type. 

Table  1*  shows  the  division  of  this  power  among  the  leading 
naval  powers  of  the  world: 

TABLE  1. 


Battle-ships  and 
cruisers. 

Torpedo  boats  and 
destroyers. 

Great  Britain        

1  721  600 
1  076  300 
560  000 
547  500 
443  700 
220  500 
201000 
144  000 

737  000 

France 

208  700 

Russia 

258  000 

United  States 

146  300 

Germany 

200  900 

Japan 

121  60O 

Italy 

82  800 

28  500 

Total 

4  914  600 

1783  800 

This  rapid  and  complete  change  in  policy  regarding  the  type 
of  naval  steam  generator  marks  an  epoch  in  the  annals  of  naval 
engineering,  perhaps  equal  in  importance  to  any  which  have  pre- 
ceded, or  which  are  likely  to  follow,  as  long  as  steam  remains  the 
motive  power  for  marine  propulsion. 

The  general  causes  for  the  sharp  difference  in  policy  between 
the  naval  and  mercantile  marines,  in  respect  to  the  type  of  marine 
boiler,  may  be  realized,  perhaps,  by  a  comparison  of  the  essential 
elements  of  the  two  types.  For  this  purpose,  attention  may  be  called 
to  the  following  tabular  presentation,  taken  from  a  recent  paper 
by  Eear-Admiral  Melville,  Hon.  M.  Am.  Soc.  C.  E.,  late  Engineer 
in  Chief,  U.  S.  N.t 

*  Journal,  Society  of  Naval  Engineers,  1904,  p.  292. 

t  "  Causes  for  the  Adoption  of  the  Water-Tube  Boiler  in  the  U.  S.  Navy,"  Tranmc- 
tinns.  Society  of  Naval  Architects  and  Marine  Engineers,  Vol.  VTI,  p.  19. 
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Advantages.  Disadvantages. 

Less  weight  of  water.  Greater   danger    from    failui-e    of 

Quicker  steamers.  tubes. 

Quicker  response   to    cliange  in  Better  feed    arrangements    neces- 

aniount  of  steam  required.  sary. 
Greater  freedom  of  expansion.  Greater  skill  required  in   manage- 
Higher  cruising  speed.  ment. 
More  perfect  circulation.  Units  too  small. 
Adaijtability  to  high  j^ressures.  Larger  grate  surface  and  heating 
Smaller  steam  pipes  and  fittings.  surface  required. 
Greater  ease  of  repair.  Less  reserve  in  form    of  water  in 
Greater  ease  of  installation.  boiler. 
Greater  elasticity  of  design.  Large  nund)er  of  parts. 
Less  danger  from  exjilosion.  Tubes  difficult  of  access. 

Large  number  of  joints. 

More  danger  of  priming. 

A  comparison  of  these  points  of  relative  advantage  and  dis- 
advantage indicates  the  conclusion  that,  for  conditions  of  naval 
practice,  the  balance  strikes  in  favor  of  the  water-tube  type,  while 
for  those  of  mercantile  practice,  the  reverse  is  the  case.  The  litera- 
ture on  this  general  subject  during  the  past  decade  has  been  so 
profuse,  and  the  relative  points  of  the  two  general  types  of  boiler 
have  been  discussed  so  exhaustively  that  further  consideration  may 
be  limited  to  some  special  points  with  certain  general  conclusions. 

Among  the  various  navies,  some  fifteen  of  twenty  different  de- 
signs may  be  distinguished,  roughly  divided  into  two  main  classes 
of  large-tube  and  small-tube  or  express  boilers.  The  former  have 
tubes  from  2  to  4  in.  in  diameter,  and  with  metal  approximating  }  in. 
in  thickness,  while  the  latter  have  tubes  from  1  to  IJ  in.  in  diam- 
eter, and  with  metal  about  J  in.  in  thickness.  The  former  repre- 
sents the  general  type  adopted  for  battle-ships  and  cruisers,  and  the 
latter  that  for  torpedo  boats  and  destroyers. 

In  regard  to  weight  and  space  occupied,  water-tube  boilers  of 
the  heavier  types  show  a  moderate  though  valuable  saving  over  those 
of  the  fire-tube  type,  and  may  be  expected  to  weigh,  without  water, 
between  20  and  30  lb.  per  sq.  ft.  of  heating  surface,  or  from  50  to  80 
lb.  per  i.  h.  p.  In  the  lighter  or  express  types  of  boiler  the  weights 
fall  to  about  10  or  12  lb.  per  sq.  ft.  of  heating  surface,  or  from  20  to 
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30  lb.  per  i.  h.  p.,  and  in  extreme  cases  to  still  lower  figures.  With 
water,  these  figures  will  range  from  10  to  20%  higher,  showing  in 
this  feature  one  of  the  marked  advantages  of  the  type  in  the  saving 
in  contained  water. 

Water-tube  boilers  are  commonly  constructed  for  pressures  of  200 
lb.  and  upward,  and  to  300  lb.  or  more  in  rare  cases.  As  far  as  the 
tubes  themselves  are  concerned,  there  is  always  a  large  factor  of 
safety  at  operating  pressures,  and  the  limiting  conditions  are  de- 
termined rather  by  the  drums  or  headers  which  form  a  part  of  the 
construction.  In  any  event,  the  elements  subjected  to  pressure  are 
much  smaller  than  in  the  Scotch  boiler,  and  this  gives  to  the  type 
a  distinct  advantage  in  adaptation  to  the  use  of  higher  steam 
pressures. 

One  of  the  marked  features  of  the  water-tube  type,  as  already 
noted,  is  the  flexibility  of  design;  and  this  has  naturally  led  to  the 
widest  variety  of  forms,  all  calculated  to  fulfill,  more  or  less  com- 
pletely, the  special  conditions  imposed  upon  the  marine  steam  gen- 
erator. In  this  respect  the  water-tube  type  presents  an  absolute 
contrast  to  the  fire-tube  or  Scotch  type.  The  latter  is  the  result  of 
a  long  period  of  evolution,  and  represents  a  single  definite  design 
with  but  slight  flexibility  in  detail.  The  term  "Scotch"  boiler  calls 
up  a  definite  and  clear-cut  type,  and  one  with  which  the  marine 
engineer,  the  world  over,  is  entirely  familiar.  The  term  "water- 
tube"  boiler,  on  the  contrary,  represents  no  fixed  or  permanent  form, 
and  is  not  yet  the  result  of  a  long  evolution  of  competing  forms. 
It  represents,  rather,  a  broad  name  for  any  combination  of  tubes  and 
drums,  or  headers,  so  arranged  that  they  may  be  expected,  with  fire 
on  the  outside  of  the  tubes,  to  generate  steam  on  the  inside,  and  to 
develop  some  kind  of  internal  circulation  through  the  tubes  as  an 
attendant  circumstance. 

Any  geometrical  combination  which  will,  in  some  degree,  fulfill 
these  conditions  may  apparently  be  called  a  water-tube  boiler. 
Recognizing  these  general  facts,  the  Bureau  of  Steam  Engineering, 
U.  S.  Navy  Department,  has  wisely  declined  to  declare  itself  defi- 
nitely in  favor  of  any  one  type  of  water-tube  boiler,  or  to  consider 
any  one  of  the  present  types  as  a  finality.  On  the  contrary,  it  has 
adopted  the  policy  of  encouraging  competition  between  representa- 
tive boilers  of  various  types,  with  the  hope  that  in  this  trying-out 
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process  some  definite  and  final  type  may  appear,  or,  rather,  perhaps 
some  few  definite  final  types  may  appear,  as  best  suited  to  the  condi- 
tions for  torpedo-boat  design  on  the  one  hand  and  battle-ship  or 
cruiser  design  on  the  other. 

In  a  general  way,  the  primary  condition  for  torpedo-boat  service 
is  maximum  output  with  minimum  weight,  while  for  battle-ship  ser- 


BABCOCK  AND  WILCOX   BOILER  -  MARINE  TYPE 


J. 


Fig.  2. 


vice,  conditions  of  maintenance  and  durability  enter  in  as  modifying 
elements,  and  lead  naturally  to  a  different  type  of  construction.  The 
U.  S.  Naval  Bureau  of  Steam  Engineering,  in  dealing  with  this 
question,  has  assumed  that  a  satisfactory  water-tube  boiler  for  bat- 
tle-ship service  should  have  straight  tubes,  with  provision  for  clean- 
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ing,  and  that  the  tube,  in  size  and  thickness,  must  be  ample  on  the 
one  hand  to  insure  against  clogging,  and  on  the  other  against  the 
corrosion  normally  to  be  expected  in  such  cases.  Due  provision  must 
also  be  made  for  circulation  and  for  a  reasonable  reserve  of  water  in 
drums  or  headers.  The  leading  boilers  exemplifying  these  charac- 
teristics, and  used  on  United  States  naval  ships  of  large  size,  are 
the  Babcock  and  Wilcox  and  the  Niclausse,  with  the  Hohenstein  as 
a  newer  and  later  type. 

For  torpedo  boats,  the  requirements  have  been  less  restricted, 
and  consequently  vessels  of  this  class  have  representative  boilers 
of  a  wide  variety  of  types  and  forms,  for  the  most  part,  however, 
with  bent  tubes,  and  exhibiting  a  wide  range  in  the  solution  of  the 
problem  of  water-tube  design  for  "express"  service. 

In  European  navies  the  definite  adoption  of  the  water- tube  boiler 
has  been  no  less  marked  than  in  the  United  States.  In  the  British 
Navy  the  Belleville  boiler  was  adopted  as  the  first  approved  type. 
In  the  meantime  a  trying-out  process  has  been  going  forward,  and 
this  type,  together  with  the  Babcock  and  Wilcox,  the  Niclausse,  the 
Diirr  and  the  Yarrow  large-tube  have  undergone  careful  compara- 
tive examination  and  trial.  The  reports  published  by  the  authority 
of  the  British  Admiralty  and  giving  the  results  of  these  tests,  form  a 
most  valuable  contribution  to  the  literature  of  this  general  subject, 
and  have  served  in  no  small  degree  as  an  aid  and  guide  to  others 
interested  in  the  same  problem. 

In  the  Continental  European  navies,  likewise,  there  has  been 
some  tendency,  perhaps,  to  a  relatively  narrow  restriction  of  types, 
and  therefore  to  a  lack  of  comparative  results.  Naval  designers 
of  all  nations,  however,  are  clearly  convinced,  as  far  as  present  indi- 
cations may  bear  witness,  that  it  is  quite  unsafe  to  accept  as  final 
any  type  which  has  thus  far  appeared,  and  that  the  proper  attitude 
in  each  navy  should  be,  by  comparative  test  and  trial,  to  determine 
the  type  or  types  best  suited  to  the  special  conditions  with  which 
they  may  have  to  deal.  With  this  as  the  accepted  naval  policy,  an 
interesting  and  instructive  period  may  be  looked  for  during  the  next 
few  years,  in  which  we  may  hope  for  a  more  definite  and  authorita- 
tive solution  of  the  problem  of  water-tube  boiler  design  and  opera- 
tion than  can  be  said  to  exist  at  the  present  time. 

While  it  has  been  intimated  that  the  water-tube  boiler  has  made 
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but  slow  progress  in  the  mercantile  marine,  this  is  by  no  means  true 
of  limited  or  special  classes  of  craft.  Thus,  on  pleasure  craft,  and 
especially  on  small  launches,  fast  yachts,  etc.,  the  water-tube  boiler 
has  long  established  itself  by  virtue  of  the  advantages  peculiar  to 
its  type,  and  in  all  cases  where  the  highest  speed  is  of  special  im- 
portance, such  type  of  boiler  becomes  a  necessity  of  the  design,  in 
the  same  manner  and  for  the  same  reason  as  with  the  torpedo-boat 
class.  Again,  for  harbor  tugs,  ferry-boats,  and  to  some  extent  with 
Sound  and  river  boats,  harbor,  excursion  and  transport  steamers, 
etc.,  the  water-tube  boiler  has,  for  various  reasons,  commended  itself 
to  progressive  designers,  and  in  all  these  classes  may  be  found  this 
type  of  boiler,  accepted  as  a  satisfactory  and  efficient  steam  gen- 
erator under  the  conditions  prevailing  in  these  fields  of  practice. 
With  large  ocean-going  passenger  and  freight  steamers,  the  field 
which  has  always  been  peculiarly  that  of  the  Scotch  boiler,  biit 
slight  progress  has  been  made,  though  here  and  there  are  to  be  found 
steamers  of  these  types  designed  with  boilers  of  the  water-tube  type. 
One  of  the  most  notable  of  such  installations  in  the  United  States 
is  to  be  found  in  the  Great  Northern  steamships,  Minnesota  and 
Dakota,  biult  for  the  Great  jSTorthern  Railroad  Company,  and  fitted 
with  Niclausse  boilers  giving  an  aggregate  of  about  10  000  i.  h.  p. 
for  each  ship.  The  experience  gained  with  these  boilers  should  prove 
of  the  greatest  value  in  a  study  of  their  general  adaptation  to  the 
conditions  prevailing  in  mercantile  practice,  and  it  is  to  be  hoped 
that  the  experience  may  be  frankly  and  fully  given  for  the  benefit 
of  the  marine  engineer  and  the  mercantile  marine  at  large. 

In  the  general  development  of  the  water-tube  boilor  as  a  type, 
the  leading  features  which  have  been  made  the  subject  of  special 
study  during  the  past  few  years,  and  which  have  served  as  the  basis 
of  the  chief  improvements,  are  the  question  of  baffling  and  the  pro- 
vision of  a  combustion  chamber.  It  was  recognized  in  early  experi- 
ence with  the  water-tube  boiler  that,  as  usually,  or  naturally  con- 
structed, there  was  a  tendency  for  the  gases  to  short-circuit  direct 
to  the  funnel  base,  and  that  the  combustion,  especially  at  high  rates, 
was  far  from  complete.  Due  to  these  causes,  serious  losses  in 
economy  resulted,  and  it  was  not  until  such  matters  were  clearly 
understood  that  steps  could  be  intelligently  taken  for  improvement. 
While  it  is  true  that  a  square  foot  of  heating  surface  in  one  boiler 
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is  potentially  as  good  as  in  another,  it  is  none  the  less  true  that  in 
any  boiler  the  mere  provision  of  heating  surface  is  not  enough. 
There  must  be  provided,  as  fundamental  requirements,  conditions 
favorable  to  complete  combustion  on  the  one  hand  and  an  opportu- 
nity for  the  heating  surface  to  become  effective  on  the  other.  This 
seems  to  require,  on  the  one  hand,  some  form  of  combustion  chamber 
or  space  betvpeen  the  fire  surface  and  the  tubes,  where  the  gases  dis- 
tilled from  the  coal  may  become  mixed  with  air  and  burned ;  and  on 
the  other,  some  adequate  device  for  thoroughly  spreading  the  current 
of  gases  through  and  among  the  tubes  and  preventing  short-circuit- 
ing by  the  nearest  route  to  the  funnel  base.  A  clear  perception  of 
these  requirements  has  led  to  marked  improvements  in  economy, 
and,  even  under  high  rates  of  combustion,  with  modern  designs, 
economic  results  have  been  reached,  which  compare  favorably  with 
the  best  results  from  fire-tube  boilers,  and  which,  in  themselves,  indi- 
cate that  the  conditions  for  a  proper  control  of  these  features  are 
now  well  in  hand. 

While  the  future  is  always  hard  to  foresee,  the  indications  point 
strongly  to  the  extension  of  the  field  occupied  by  the  boiler  of  the 
general  water-tube  type.  Out  of  the  vast  multiplicity  of  forms, 
some  few  are  likely  to  emerge  as  superior  in  adaptation  for  the 
special  conditions  to  be  fulfilled,  and  from  among  these  the  marine 
designer  will  select  in  accordance  with  the  circumstances  of  the 
case.  It  is  difiicult,  however,  to  foresee  indications  of  any  early 
disappearance  of  the  Scotch  or  fire-tube  type.  The  qualities  of  this 
boiler  are  such  as  to  specially  commend  it  for  many  conditions  of 
'  marine  practice,  and  for  many  years  it  may  be  predicted  that  boilers 
of  both  of  these  two  main  types  will  divide  the  field  of  practice 
between  them,  the  fire-tube  type,  perhaps,  slowly  losing  ground  as 
the  rival  type  becomes  perfected  and  reduced  to  more  definite  and 
narrow  lines  of  variation,  thus  permitting  its  possibilities  to  be 
better  realized  and  its  requirements  better  understood. 

Engines. 

Type. — Aside  from  the  steam  turbine,  which  will  be  considered 
later,  the  type  of  steam  engine  suited  to  marine  practice  has  under- 
gone no  essential  change  in  the  last  decade.     The  type  still  remains- 
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the  familiar  vertical,  inverted,  direct-acting,  multiple-stage,  con- 
densing engine.  But  little  change  has  come  about  in  the  relative 
utilization  of  compound,  triple-expansion  and  quadruple-expansion 
engines.  The  tyi^ical  marine  engine  still  remains  the  three-stage  or 
triple-expansion,  using  steam  not  far  from  180  lb.  boiler  pressure, 
and  with  an  area  ratio  between  low-  and  high-  pressure  pistons  of 
6.5  or  7  to  1,  giving  a  total  expansion  ratio,  allowing  for  high- 
pressure  clearance,  of  not  far  from  10  to  11.  The  compound  engine 
using  steam  of  120  to  150  lb.,  and  with  an  area  ratio  between  the 
low-pressure  and  high-pressure  cylinders  of  about  4,  giving  some 
6  or  7  total  expansions,  is  still  found  on  some  small  steamers,  tug- 
boats, paddle-wheel  steamers,  and  other  special-purpose  craft,  while, 
on  the  other  hand,  the  quadruple,  using  steam  at  180  to  250  lb.,  or 
even  higher,  and  with  an  area  ratio  between  the  low-pressure  and 
high-pressure  cylinders  of  8  to  9,  giving  from  12  to  15  total  expan- 
sions, is  now  met  with  on  transatlantic  liners  and  other  mercantile 
craft  where  economy  is  of  special  importance,  in  naval  practice 
especially  with  torpedo  boats  and  destroyers,  on  fast  yachts  and  on 
other  craft  where  high-pressure  steam  is  used,  and  where  the  best 
economy  at  full  power  is  a  matter  of  some  importance.  On  the 
whole,  however,  the  quadruple-expansion  engine  has  not  made  the 
relative  gain,  compared  with  the  triple-expansion,  which  ten  years 
ago  it  seemed  reasonable  to  anticipate,  and  to-day  the  triple-expan- 
sion engine  may  claim  to  stand  as  the  normal  and  typical  engine 
for  the  average  conditions  of  marine  practice.  It  may  be  also  said 
that  in  some  cases  where  the  quadruple-expansion  engine  has  been 
used,  the  choice  has  been  determined  by  the  advantage  which  four 
cranks  gives  for  balance  with  regard  to  inertia  forces,  rather  than 
by  the  expected  gain  in  economy.  From  this  viewpoint,  if  four 
cranks  are  to  be  used,  the  choice  must  be  made  between  the  four- 
crank  triple  with  two  low-pressure  cylinders,  each  giving  about  half 
the  power  of  the  other  two,  and  the  four-crank  quadruple  with  a 
more  equable  division  of  power.  Under  these  conditions,  the  quad- 
ruple may  be  chosen  rather  than  the  triijle,  aside  from  the  further 
advantage  which  might  be  expected  from  higher  economy. 

The  chief  reasons  for  the  relatively  slow  advance  of  the  quad- 
ruple into  more  general  favor  can  only  be  referred  to  in  passing, 
and  may  be  summarized  in  the  single  statement  that,  with  equal 
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steam  pressures,  or  in  other  words,  under  equal  conditions,  the  gain 
in  economy  of  the  quadruple  over  the  triple  is  but  slight,  while  for 
the  same  power  it  is  heavier,  and  has  a  greater  number  of  parts,  and, 
therefore,  is  more  expensive  in  construction  and  maintenance.  Tlie 
general  continuance  in  favor  of  the  triple-expansion  engine  as  the 
typical  marine  engine  may  then  be  taken  simply  as  an  indication 
that,  in  the  general  consensus  of  opinion,  the  relatively  small  ad- 
vance in  economy  may  be,  for  average  conditions,  too  dearly  obtained 
in  terms  of  the  disadvantages  previously  noted. 

Besides  the  simple  direct  three-  and  four-  crank  types  of  triple- 
and  quadruple-  expansion  engines,  respectively,  there  exists  a  great 
variety  of  other  arrangements.  The  low-pressure  cylinder,  or  the 
high,  or  even  the  intermediate  cylinder  of  a  triple-expansion  engine 
may  be  divided  into  two  cylinders  of  half  volume  each,  and  these 
may  be  combined  and  set  up  in  various  ways  on  three  or  four 
cranks.  Similarly,  the  various  cylinders  of  a  quadruple  may  be 
subdivided  and  combined  in  various  ways  giving  a  four-  or  five- 
crank  engine.  The  purpose  of  these  various  subdivisions  and  recom- 
binations may  be  threefold: 

1. — In  dividing  the  low-pressure  cylinder  to  reduce  the  size  of 
an  otherwise  undesirably  large  casting; 

2. — To  realize  by  recombination  as  equable  a  division  of  power 
as  possible  among  the  various  cranks ; 

3. — To  increase  the  number  of  cranks  in  order  to  be  able  to  deal 
better  with  the  balancing  problem.  Mention  of  this  reason 
has  been  already  made  in  connection  with  the  four-crank 
triple-expansion  engine,  and  further  reference  will  be 
made  at  a  later  point  in  connection  with  the  general 
subject  of  the  balancing  of  inertia  forces. 

Steam  Pressure. — The  general  trend  of  steam  pressures  with 
marine  steam  engines  has  been  already  mentioned  in  connection 
with  the  subject  of  boilers.  The  typical  triple-expansion  engines 
are  using  steam  of  about  180  lb.  gauge  pressure,  while  for  quad- 
ruples, a  pressure  of  not  less  than  200  lb.  is  preferred.  With  water- 
tiibe  boilers  steam  is  generated  at  a  pressure  of  225  to  250  or  even 
300  lb.,  and  is  used  at  the  engines  usually  with  some  reduction 
through  a  reducing  valve,  or  by  wire-drawing,  in  order  to  decrease 
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the  amount  of  entrained  moisture,  and  thus  give  a  dryer  steam  at 
the  engine  than  if  delivered  under  full  pressure. 

The  general  trend,  with  regard  to  pressure,  has  been  quite  slowly 
upward  during  the  past  decade,  and  it  would  appear,  under  present 
conditions  and  with  present  materials  and  modes  of  construction, 
that  the  upper  limit  of  practicable  and  economical  pressures  is  being 
approached.  It  is  well  known,  of  course,  that  radiation  and  conduc- 
tion losses  increase  with  higher  pressures  and  temperatures,  while 
there  is  an  increase  in  the  general  difficulties  of  use  and  in  the 
character  of  the  supervision  and  routine  care  which  high-pressure 
steam  requires.  It  appears  that,  under  existing  conditions,  the 
relatively  small  gain  to  be  derived  from  increased  pressures  is  very 
closely  balanced  by  these  attendant  losses  and  disadvantages,  and 
that  only  slow  increase  in  pressiires  may  be  looked  for  as  long  as 
engineers  must  operate  under  the  conditions  which  prevail  at  the 
present  time. 

Piston  Speed. — In  piston  speed,  likewise,  there  has  been  a  gradual 
and  steady  trend  upward,  more  particularly  in  naval  designs  for 
torpedo-boat  and  destroyer  types.  In  the  mercantile  marine  for 
freight  steamers,  and,  in  general,  for  operation  under  relatively 
easy  conditions  of  speed  and  power  relative  to  displacement  of  ship, 
piston  speeds  of  600  to  700  ft.  per  min.  prevail,  while  under  more 
exacting  conditions  with  vessels  of  the  same  type,  designers  freely 
advance  to  piston  speeds  of  300  ft.  and  more,  if  necessary.  Foj; 
combined  freight  and  cargo  steamers  and  for  passenger  steamers 
reaching  upward  into  the  class  of  trans-ocean  liners,  piston  speeds 
of  900  to  1  000  ft.  have  remained  practically  standard,  with  slight 
tendency  upward  in  individual  cases.  In  naval  designs  for  cruiser 
and  battle-ship  engines,  piston  speeds  of  about  900  ft.,  rising  to 
1 000  ft.  in  special  cases,  have  prevailed.  In  torpedo-boat  and 
destroyer  practice,  the  speeds  have  risen  to  about  1 200  ft.  as  a 
maximum,  while,  in  rare  cases  of  fancy  yacht  design,  there  have 
been  piston  speeds  of  1  300  to  1  400  ft. 

The  limitations  met  by  the  engineer,  in  the  matter  of  piston 
speed,  arise  from  two  sources: 

1. — Difficulties  with  lubrication,  and  with  general  wear  and  tear, 
arising  from  high  velocity  of  rubbine  surfaces; 

2. — Increase  in  the  amount  of  the  inertia  forces  and  in  the 
troubles  to  which  they  may  give  rise. 
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With  general  improvement  in  methods  and  details  of  constrnc- 
tion,  and  with  a  better  understanding  of  the  problem  of  balancing, 
these  difficulties  have  graduallj-  yielded,  and  have  permitted  a 
corresponding  gradual  elevation  in  the  practicable  upper  limit  of 
piston  speed.  There  seems  no  reason  for  setting  any  special  limit 
to  advances  in  this  direction,  and  a  slow  though  steady  increase  in 
piston  speeds  may  presumably  be  looked  for,  distributed  all  along 
the  line  of  general  marine  practice,  and  reaching  upward  to  figures 
which  present  data  can  scarcely  serve  to  foretell. 

Weight  and  Space  per  Indicated  Horse-Power. — In  these  items 
there  has  been  likewise  a  moderate  and  steady  gain  throughout  the 
decade  under  consideration,  conditioned  in  part  on  higher  pressures 
and  piston  speeds,  and  in  part  on  more  economical  methods  of 
design.  The  general  dimensions  of  an  engine  are  dependent  on 
steam  pressure  and  piston  speed,  while  the  detail  or  scantling 
dimensions  are  dependent  on  the  general  load  conditions,  on  the 
materials  of  construction  and  on  the  economy  of  design.  Aside 
from  the  load  conditions  there  have  been  advances  relative  to  all 
the  other  items  which  have  tended  toward  a  reduction  in  general 
weight  and  space  occiipied  per  unit  of  power  developed.  For  the 
main  engines  without  auxiliaries,  representative  figures  for  the 
mercantile  marine  range  from  50  lb.  or  below  to  100  lb.  or  above 
per  i.  h.  p.  Battle-ship  and  cruiser  designs  are  covered  by  figures 
ranging  perhaps  from  40  to  60  lb.,  with  a  tendency  toward  the  lower 
side  of  the  range  based  on  full  power  rating.  In  torpedo-boat  and 
destroyer  types,  as  well  as  in  the  class  of  fast  yachts  and  racing- 
machines,  the  figures  range  down  to  about  20  lb.,  rising  to  30  lb.  or, 
in  extreme  cases,  falling  to  about  15  lb. 

Decrease  in  space  occupied  has  gone  hand  in  hand  with  decrease 
in  general  size  and  weight,  and  only,  perhaps,  to  the  extent  to  be 
accounted  for  by  the  same  general  causes  already  noted  in  that 
connection.  The  use  of  radial  valve  gears,  for  the  purpose  of 
reducing  the  length  of  the  engine,  has  not  met  with  as  general  favor 
or  extended  adoption  as  seemed  reasonable  to  anticipate  when  they 
were  first  brought  to  the  notice  of  designers  of  marine  machinery, 
and  the  Stephenson  link  still  maintains  its  position  as  the  leading 
type  of  marine  valve  gear,  even  though  it  may  entail  a  slightly 
increased  length  of  engine  as  compared  with  the  radial  type  of  gear. 
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Materials  of  Construction. — The  standard  materials  for  the  con- 
struction of  marine  engines  have  remained  during  the  past  decade 
without  important  change,  and  comprise  cast  iron,  cast  steel  and 
forged  steel,  with  special  anti-friction  metals  for  bearings  and  rub- 
bing surfaces.  Cast  iron  still  remains  the  standard  material  for 
cylinders  and  valve  chests,  flat  and  piston  valves,  and  largely  for  cast 
cokmms  and  bed-plates,  as  well  as  for  piston  and  valve  packing 
rings.  There  have  been  great  advances  made  in  .the  moulding  and 
casting  of  relatively  complex  forms  in  cast  steel,  and  within  reason- 
able limits  almost  any  form  desired  by  the  designer  may  now  be  pro- 
vided in  this  material.  Thus  far,  however,  its  use  in  the  marine 
steam  engine  has  been  limited  to  columns,  bed-plates,  bearing  caps, 
pistons,  cross-heads,  propeller  blades,  valve-stem  guide  brackets,  link- 
blocks  and  other  miscellaneous  parts  which  would  naturally  be  made 
in  cast  metal,  and  for  which  the  superior  strength  or  stiffness  of  the 
steel  is  an  advantage  of  moment.  In  general,  cast  steel  does  not 
give  a  good  bearing  surface,  and  therefore  is  avoided  for  all  rubbing 
and  bearing  surfaces.  Forged  steel  remains  the  standard  material 
for  cylindrical  columns,  for  piston  rods,  connecting  rods,  valve 
stems,  links,  eccentric  rods,  crank-shafts  and  shafting,  and  in  gen- 
eral for  all  moving  parts,  particularly  where  its  superior  strength  and 
safety  under  varied  and  irregular  stress  are  features  of  importance. 
The  chief  advance  in  these  particulars  lias  lieen  in  methods  of  forg- 
ing and  working  steel  shafting  and  other  like  parts,  and  particularly 
in  forging  and  oil-temperiug  or  otherwise  treating  nickel  steel  for 
purposes  of  this  character.  Reference  has  already  been  made  to 
nickel  steel  in  boiler  construction,  and  to  the  small  extent  to  which 
such  material  has  thus  far  been  Titilized  for  such  purposes.  In  en- 
gines, however,  and  particularly  in  naval  and  other  high-class  work, 
the  case  is  quite  different,  and  nickel  steel  is  used  freely  for  those 
parts  naturally  made  of  forged  material.  The  steel  thus  used  in  engine 
construction  is  of  low-nickel  content,  ranging  from  2  to  4%,  and 
with  physical  properties  as  indicated  in  the  specifications  for  such 
material  given  in  Table  2. 

Structural  Details. — There  has  been  but  slight  change  during  the 
past  ten  years  in  the  character  of  the  structural  details  of  marine- 
engine  construction.  The  general  character  of  the  tji^es  of  engines 
used  has  become  so  definitely  established  that  as  long  as  the  recipro- 


214 


MARINE    ENGINEERING. 


eating  engine  remains  in  use  but  little  further  change  may  be 
expected  in  the  general  form  and  character  of  the  parts  and  in  their 
mutual  relations  in  the  structure  as  a  whole.  Perhaps  the  most 
notable  item  in  this  respect  is  the  definite  status  acquired  by  the  hol- 
low tubular  member  as  a  structural  detail.  One  can  now  find  in 
advanced  marine  practice  hollow  line  and  crank  shafting,  hollow 
crank-pins,  cross-head  pins,  piston  and  connecting  rods,  and  hollow 
forged  cylindrical  columns.  There  are  two  advantages  of  such  con- 
struction : 

1. — A   better   as'^urance  of   the   integrity   of   the   metal   secured 
by  boring  out  the  central  core  where  flaws  are  most  likely 
to  occur,  and  by  the  opportunity  of  thus  inspecting  the 
material  on  the  inner  as  well  as  on  the  outer  surface; 
2. — A  saving  in  weight. 


TABLE  2. — Standard   Specifications  for  Forged   Steel. 


Class. 

Material. 

Treatment. 
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11 
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as 
g 

Maximum 
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OF : 

Cold  bend 
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diameter  of: 

P. 

0.06 

006 
0.06 

S. 

High-grade.. 
Class  A 

Class  B 

Open-hearth 
nickel  steel . 

Open-hearth, 
either  nick- 
el or  carbon 
steel. 

Open-hearth 
carbon  steel. 

Annealed 
and    o  i  1  - 
tempered. 

Annealed. 
Oil-tem- 
pered op- 
tional. 

Annealed. 

9.5  000 

80  000 
60  000 

65  000 

50  000 
30  000 

SI 

25 
30 

0.04 

0.04 
0.04 

1  in.  through 

180°. 

1  in.  through 

180°. 

i  in.  through 
'  180°. 

It  is  a  well-known  result  of  the  mechanics  of  such  members  sub- 
jected to  either  cross-breaking  or  torsional  stress,  that  the  increase  in 
external  diameter  necessary  to  compensate  for  the  removal  of  the  in- 
ner core,  is  relatively  very  small,  and  that  in  consequence  the  tubular 
member  is  lighter  than  the  solid  member  of  equal  strength.  In  illus- 
tration, it  appears  from  the  usual  formulas  that  for  the  case  in  which 
the  diameter  of  the  hole  is  one-half  that  of  the  shaft,  the  increase  in 
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outer  diameter  over  that  of  an  equivalent  solid  shaft  is  only  about 
2%  of  the  latter,  while  the  saving  in  weight  will  amount  to  about 
22%  of  the  latter. 

TTaturally,  hollow  cylindrical  members  are  more  costly  than  solid, 
but,  notwithstanding  this  fact,  their  advantages  have  secured  for 
them  a  definite  place  in  the  naval  and  other  advanced  practice  of  the 
day. 

In  the  construction  of  bearings,  and  in  connection  with  the 
general  subject  of  lubrication,  there  has  come  about  a  more  definite 
and  assured  status  of  some  special  white,  or  anti-friction,  metal  as  a 
bearing  surface,  of  some  regular  and  systematic  method  of  distribu- 
ting lubricant  to  the  various  bearings,  and  of  the  hollow  bearing 
block  with  internal  water  circulation  in  cases  of  severe  demand- 
Internal  lubricant  is  still  used,  though  efforts  have  been  made  to  dis- 
pense with  it,  on  account  of  troubles  arising  from  oil  in  marine 
boilers.  Special  materials  have  been  used  for  piston  rings,  and 
graphite  lubricant  has  been  used  with  cast-iron  rings,  especially  in 
some  cases  of  desig-n  of  the  torpedo-boat  engine  tyjoe,  and  with  some 
degree  of  success ;  but,  on  the  whole,  internal  lubrication  for  the 
cylinders  still  holds  its  place  as  a  feature  of  average  operating 
practice. 

Economy. — In  step  with  gradually  advancing  steam  pressures, 
with  better  proportioned  designs,  with  greater  care  in  preventing  the 
loss  of  heat  by  radiation  and  conduction  and  by  waste  steam  from 
auxiliaries,  there  has  resulted  a  gradual  advance  in  the  economy 
of  the  marine  boiler  and  engine  as  a  combined  unit.  Stating  econ- 
omy in  terms  of  coal  consumption  per  indicated  horse-power  per 
bour,  the  figures,  realized  under  average  conditions  for  triple-expan- 
sion engines  and  corresponding  steam  pressures,  range  from  1.5 
upward  to  1.7  or  1.8  lb.,  with  less  favorable  conditions,  and  down- 
ward to  little  more  than  1  lb.  under  exceptionally  favorable  condi- 
tions, and  with  advantage  taken  of  every  means  available  for 
decreasing  heat  waste  in  both  engine-  and  fire-  rooms.  With  quad- 
ruple-expansion engines,  and  a  correspondingly  higher  steam  pres- 
sure, the  consumption  may  be  expected  to  range  from  about  1  lb.  as 
a  minimum,  upward  to  1.5  lb.,  according  to  the  conditions  of 
operation  and  the  extent  to  which  heat  wnstes  are  prevented.  These 
figures  relate  more  especially  to  the  use  of  common  or  saturated 
steam,  such  as  is  provided  in  the  usual  case  of  marine  practice. 
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One  of  the  most  interesting  and  significant  featnres  of  the  past 
decade,  having  relation  to  economy  in  the  marine  engine,  is  found  in 
the  development  in  the  use  of  superheated  steam.  The  advantages 
of  superheated  steam  from  the  viewpoint  of  economy  have  long  been 
understood,  and  attempts  looking  toward  its  use  were  made  early  in 
the  development  of  marine  engineering.  Serious  difficulties,  how- 
ever, were  met  with  both  in  the  corrosion  and  wear  and  tear  on  the 
superheaters,  and  in  connection  with  the  lubrication  of  the  engine, 
and  with  the  moderate  degree  of  superheat  attained  the  advantages 
realized  hardly  balanced  the  disadvantages,  and  the  use  of  super- 
heated steam  fell  into  general  disfavor.  More  recently,  and  in 
marked  degree  within  the  last  decade,  renewed  attention  has  been 
given  to  the  use  of  superheated  steam  in  general  power-plant  prac- 
tice, especially  in  Continental  Europe,  and  the  more  serious  diffi- 
culties have  been  overcome  to  such  a  degree  that  its  use  may  now 
be  considered  as  entirely  practicable,  and  mechanically  within  the 
reach  of  the  engineer  whenever  he  may  consider  it  desirable.  In 
marine  practice  its  use  on  anything  approaching  a  representative 
scale  is  confined  to  comparatively  few  cases,  more  notably  on  the 
Inchmona  and  Inchdune,  and  more  recently  on  the  QueensborougJi, 
Atlantic  and  Britannic.  In  the  latest  type  of  marine  superheater, 
as  installed  on  the  Atlantic  and  Briiannic.  the  superheating  ele- 
ments, consisting  of  Avaved  tubes  connected  by  headers,  are  placed 
back  of  the  boilers  and  connect  with  the  top  of  the  combustion 
chambers  through  suitable  openings.  The  casing  containing  the 
coils  is  well  insulated,  and  connects  by  a  special  conduit  to  ;\ 
separate  funnel  placed  inside  the  main  funnel.  A  small  steam- 
turbine-driven  fan  is  used  to  induce  a  draft  through  the  super- 
heating chamber,  and  this,  together  with  suitable  dampers,  provides 
the  necessary  control. 

Present  experience  indicates  that  the  best  results  with  superheat 
may  be  expected  with  moderate  steam  pressure  and  high  superheat, 
rather  than  high  steam  pressure  and  less  superheat.  Thus,  in  the 
earlier  installations,  steam  was  carried  at  a  pressure  of  267  lb.,  and 
v/as  superheated  about  60°,  bringing  the  steam  to  a  temperature  of 
about  465  degrees.  In  the  latter  installations,  steam  is  carried  at  about 
160  lb.  or  370°,  and  is  then  superheated  some  130°,  raising  it  to  a 
temperature    of    about    500    degrees.      Experience    Indicates    that. 
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rovighly  speaking,  somewhere  about  1%  gain  in  economy  may  be  ex- 
pected for  every  10°  superheat  above  the  temperature  for  160  lb. 
saturated  steam.  Results  from  such  installations  indicate  that 
imder  these  conditions  the  power  may  be  developed  continuously  for 
a  voyage  at  about  the  rate  of  1  lb.  of  coal  per  i.  h.  p.  per  hr. 

These  results  are  of  the  highest  significance  to  the  marine  engi- 
neer, and  point  the  way  to  better  economy  in  such  cases  as  may 
justify  the  additional  investment  of  capital  and  weight  which  are 
required. 

Balancing  Inertia  Forces. — One  of  the  most  notable  subjects  of 
investigation  during  the  past  decade,  and  one  which  has  perhaps 
furnished  more  literature  than  any  other  single  item,  is  that  of  the 
balancing  of  inertia  forces  in  the  marine  steam  engine.  The 
necessity  for  such  examination,  and  the  importance  of  these  forces 
as  a  feature  demanding  serious  attention,  has  become  more  and  more 
pronounced  with  the  increase  in  rotative  speeds,  and  with  the 
general  increase  in  power  per  ton  of  displacement  of  ship. 

These  various  investigations,  experimental  and  theoretical,  have 
served  to  show  that  ship  vibrations  in  a  vertical  plane  may  arise 
from  either  an  unbalanced  vertical  force  or  rocking  moment,  both 
manifested  directly  at  the  engine;  that  liorizontal  unbalanced  forces 
and  moments  may  also  produce  similar,  though,  in  general,  less 
serious  disturbances;  that  variations  in  I'otative  effort  and 
corresponding  variations  in  rotative  speed  at  the  engine  as  well 
as  variations  in  rotative  resistance  at  the  propeller,  may  give  rise 
to  torsional  or  angular  vibrations;  that  an  imbalanced  propeller 
will  give  rise  to  a  periodic  radial  force,  the  results  of  which  will 
usually  be  manifested  chiefly  as  vertical  vibrations,  and  be  most  pro- 
nounced at  the  stern  of  the  ship;  that  these  various  vibrations,  and 
particularly,  the  vertical  and  torsional  modes,  may  exist  in  com- 
plex combinations  of  successive  orders  as  regards  period,  built  on  the 
primary  vibration  with  a  frequency  equal  to  the  revolutions  of  the 
engine;  that  on  twin-screw  or  triple-screw  ships,  these  various 
influences,  coming  from  each  engine  and  propeller,  may  combine  in 
the  most  coraplex  modes  in  the  final  resultant  vibration. 

From  the  mere  recital  of  these  various  items  which  may  enter  into 
the  resultant  ship  vibration,  the  complex  character  of  the  problem 
will  be  sufficiently  manifest.   Only  the  briefest  mention  of  the  means 
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available  for  the  reduction  and  control  of  these  disturbances  can  be 
given  here. 

In  a  two-crank  engine,  with  cranks  at  180°  and  equal  weights 
of  moving  parts,  forces  of  the  1st,  3d,  5th,  etc.,  orders  are  individu- 
ally balanced,  while  those  of  the  2d,  4th,  etc.,  orders  accumulate 
individually  together.  This  arrangement  of  cranks,  however,  gives  a 
very  uneven  turning  effort,  and  is  always  avoided  in  marine  practice. 

In  a  three-crank  engine,  with  cranks  at  120°  and  equal  weights 
of  moving  parts,  forces  of  the  1st,  2d,  4th,  5th,  etc.,  orders  are  indi- 
vidually balanced,  while  those  of  the  3d,  6th,  etc.,  orders  accumulate 
individually. 

In  a  four-crank  engine,  with  cranks  at  90°  and  equal  weights  of 
moving  parts,  forces  of  the  1st,  2d,  3d,  5th,  6th,  7th,  etc.,  orders  are 
individually  balanced,  while  those  of  the  4th,  8th,  etc.,  orders 
accumulate  individually. 

In  none  of  the  preceding  cases,  however,  are  the  moments  bal- 
anced, and,  in  general,  four  cranks  with  unequal  distribution  oi 
crank  angles  and  tinequal  weights  of  moving  parts,  give  the 
minimum  condition  permitting  of  the  balance  of  moment. 

In  addition  to  the  forces  developed  by  the  main  moving  parts 
comprising  the  piston,  piston-rod,  cross-head,  connecting-rod  and 
crank,  there  are  also  corresponding  forces  due  to  the  valve  gear  and 
attached  pumps,  if  any,  which  must  also  be  reckoned  with. 

A  primary  force,  or  a  corresponding  primary  moment,  may 
always  be  balanced  by  a  rotating  shaft  weight. 

It  results  as  follows : 

1. — A  satisfactory  balance  of  primary  force  can  be  readily  made 

with  any  given  engine  by  the  determination  of  a  suitable 

shaft  counterweight; 
2. — Such  weight  cannot,  in  general,  be  depended  on  to  balance 

primary  moment  at  the  same  time; 
3. — A  satisfactory  balance  of  primary  and  secondary  forces  may 

be  made  with  a  three-crank  engine  with  unequal  weights 

of  moving  parts,  by  accepting  an  unequal  distribvition  of 

crank  angles  around  the  circle; 
4. — A  satisfactory  balance  of  primary  and  secondary  force  and 

primary  moment  may  be  made  with  a  four-crank  engine 
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with   unequal  weights  of  moving  parts  by  accepting  an 
unequal  distribution  of  crank  angles  around  the  circle. 

This  latter  principle  forms  the  basis  of  the  so-called  Yarrow- 
Schlick-Tweedy  system  of  balancing,  a  method  which  has  gained  an 
established  place  in  standard  practice,  and  which  has  given  good 
results  when  intelligently  applied  with  reference  to  the  various  cir- 
cumstances of  the  case. 

In  all  cases  due  regard  must  be  paid  to  the  forces  which  come 
from  the  valve  gear,  inasmuch  as  the  resultant  of  such  forces  may 
prove  of  serious  importance  if  allowed  to  join  additively  with  the 
resultant  of  the  forces  due  to  the  main  moving  parts,  while  much 
may  often  be  done  toward  balancing  the  main  resultant  by  a  judi- 
cious disposition  of  the  various  forces  arising  from  the  valve-gear 
parts. 

While  the  problem  of  balancing  had  been  worked  out  in  a  fairly 
satisfactory  manner  before  the  beginning  of  the  decade  under  con- 
sideration, yet  credit  must  be  given  to  the  last  ten  years  for  fur- 
nishing far  more  complete  and  satisfactory  working  theories  and 
methods  than  were  previously  available,  and  for  showing,  by  repeat-ed 
demonstration,  the  possibilities  as  well  as  the  limitations  of  the 
practical  methods  at  the  service  of  the  designer  of  marine  engines 
in  dealing  with  problems  of  this  character. 

The  Steam  Turbine. 

Reference  has  been  made  to  the  steam  turbine  as  a  form  of 
motor  already  assuming  prominence  in  the  marine  field.  This  devel- 
opment has  come  about  entirely  within  the  past  decade,  the  pioneer 
installation  being  that  of  the  Parsons  turbine  on  the  experimental 
boat  Turbinia  in  1897.  As  the  point  of  departure  the  chief  particu- 
lars of  this  boat  may  be  recalled : 

Length 100  ft. 

Displacement   40  tons 

Indicated    horse-power 2  100 

Revolutions    2  200 

Speed 32.75  knots 

Propellers 9,  distributed  3  each  on  3  shafts. 
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This  boat  was  followed  shortly  by  two  destroyers,  the  Cohra  and 
Viper,  both  unfortunately  wrecked,  and  then  by  the  Clyde  steamer. 
King  Edii'ard  the  VII,  and  later  by  the  Queen  Alexandra,  Princess 
Maud,  the  channel  steamers,  Brighton  and  Queen,  a  Canadian  lake 
and  river  steamer,  several  yachts,  further  destroyers,  the  Irish 
Channel  steamers,  Londonderry  and  Manxman,  and  last,  and  of 
perhaps  highest  importance,  by  orders  placed  for  turbine  machinery 
for  a  transatlantic  cargo  boat  for  the  Allan  Line,  and  still  more 
recently  by  the  decision  to  use  such  machinery  for  the  two  new 
Cunard  liners  to  be  built  under  subsidy  from  the  British 
Government. 

The  development  thus  far  noted  is  all  to  the  credit  of  the  Parsons 
turbine  and  to  British  enterprise  in  taking  up  this  type  of  motor 
for  marine  purposes.  On  the  Continent  of  Europe  some  progress  has 
also  been  made,  pud  the  French  have  at  least  two  turbine-propelled 
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torpedo  boats,  with  machinery  of  the  Bateau  type.  In  the  United 
States  there  has  been  thus  far  the  yacht  Revolution,  with  turbines  of 
the  Curtis  type,  and  plans  are  under  development  in  the  Navy 
Department  for  two  turbine-propelled  3  000-ton  scout  ships. 

The  keen  interest  which  this  development  of  the  steam  turbine 
as  a  marine  motor  has  aroused  has,  within  the  past  few  years,  given 
rise  to  an  abundant  literature,  both  descriptive  and  expository, 
relating  to  the  turbine;  and  the  purposes  of  this  paper  will  not 
permit  of  more  than  a  brief  resume  of  the  more  important  points, 
both  of  advantage  and  disadvantage,  with  some  reference  to  the 
points  wherein  the  turbine  represents  a  type  of  prime  mover  differ- 
ent from  the  steam  engine,  and,  therefore,  marking  the  origin  of  a 
distinct  line  of  progress. 

As   a  mechanism  the  turbine  differs   greatly  from   the  recipro- 
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eating  steam  engine.  There  is  one  rotating  piece  as  the  sole  moving 
part,  and  the  entire  character  o£  the  construction  is  vastly  more 
simple  in  many  ways. 

As  a  means  whereby  some  part  of  the  energy  of  steam  may  be 
transformed  into  mechanical  work,  the  resulting  transformation  his- 
tory of  the  steam  is  also  entirely  different  from  that  in  the 
reciprocating  type  of  engine.  In  the  latter  the  steam  operates  by 
pressure  against  a  piston  moving  within  a  cylinder.  Under  these 
conditions  the  steam  gives  up  some  part  of  its  molecular  energy 
to  the  piston,  which  recedes  under  the  molecular  bombardment  con- 
stituting the  pressure,  and  there  is  thus  effected  at  the  surface  of 
the  piston  a  transformation  of  molecular  energy  into  mechanical 
work.  The  point  to  be  especially  noted  is  that  the  energy  which  is 
thus  transformed  is  the  kinetic  energy  which  constitutes  heat,  and 
which  is  assimaed  to  be  due  to  an  orbital  motion  rather  than  to  one 
of  translation. 

On  the  other  hand,  the  steam  turbine,  in  order  to  effect  its  pecu- 
liar mode  of  transformation,  requires,  first,  that  the  molecular  or 
heat  energy  of  the  steam  be  transformed  in  whole  or  in  part  into  the 
kinetic  energy  of  translation  embodied  in  a  stream  of  molecules 
with  a  definite  component  motion  in  one  direction,  and  constituting 
a  so-called  jet  or  flowing  column  of  steam  vapor.  Once  this  trans- 
formation is  effected  as  a  preliminary  step,  the  turbine  then  acts  by 
the  interposition  of  its  curved  vanes  in  the  path  of  the  flowing  jet, 
producing  a  deviation  in  the  direction  of  the  latter,  and  receiving 
therefrom  a  reactive  force  which,  under  proper  mechanical  condi- 
tions, will  prodiTce  rotation  of  the  rotor  or  moving  member  of  the 
turbine,  and  as  a  result  of  which  a  part  of  the  velocity  and  kinetic 
energy  of  the  jet  is  lost  by  transfer  to  the  rotor.  In  this  manner,  by 
a  double  step,  the  desired  transformation  is  effected  from  the  heat 
energy  of  the  steam  to  the  mechanical  energy  delivered  to  the  rotat- 
ing member  of  the  turbine. 

The  chief  varieties  of  steam  turbines  depend  on  the  details  of 
the  process  by  which  these  general  operations  are  carried  out.  Thus, 
the  entire  transformation  possible  from  orbital  velocity  to  jet 
velocity,  and  thus  from  heat  energy  to  energy  of  translation,  may  be 
effected  either  by  one  step  or  in  a  succession  of  stages.  Again,  the 
second  transformation,  from  the  energy  of  the  jet  to  the  mechanieai 
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work  in  the  rotor,  may  be  effected  either  by  a  single  set  of  vanes, 
and  thus,  by  what  may  be  termed  a  single  operation,  or  by  a  contin- 
ued series  of  vanes,  and  thus  by  a  continued  series  of  operations,  or 
inia  continued  series  of  stages. 

In  all  cases  the  transformation  from  heat  energy  into  v^hat 
may  be  called  jet  energy  is  effected  by  allowing  the  steam  to  expand 
against  a  pressure  lower  than  its  own,  and  thus  to  develop  the 
velocity  of  jet  by  what  may  be  termed  a  rectification  of  the  orbital 
velocity  of  the  molecule,  and  its  direction  along  the  line  of  least 
resistance. 

The  simplest  ideal  means  for  accomplishing  this  transforma- 
tion, therefore,  is  a  tube  or  nozzle  directing  a  line  of  flow  from  a 
chamber  of  high  pressure  to  one  of  low  pressure,  as,  for  example, 
from  a  steam  boiler  to  the  atmosphere. 

The  simplest  ideal  means  for  accomplishing  the  second  trans- 
formation, that  from  the  jet  energy  to  the  mechanical  work  mani- 
fested in  the  rotor,  is  by  a  series  of  curved  vanes  or  faces  attached 
to  or  formed  in  the  periphery  of  a  rotating  disc. 

There  are  naturally  many  questions  connected  with  the  form 
and  dimensions  of  the  nozzle,  and  with  the  form,  dimensions,  distri- 
bution and  velocity  of  the  vanes,  in  order  to  insure  the  maximum 
degree  of  transformation  in  each  case,  but  these  are  questions  of 
detail  aside  from  the  purpose  of  this  paper. 

The  combination  of  a  suitable  nozzle  with  a  single  set  of  corre- 
sponding vanes  thus  constitutes  the  simplest  form  of  turbine,  and 
is  illustrated  in  the  De  Laval  type. 

Since  in  this  type  the  entire  possible  transformation  from  orbital 
to  jet  velocity  is  effected  at  one  step,  the  velocity  of  the  jet  is  exces- 
sive, and  this  requires  high  peripheral  and  high  resultant  rotative 
speeds  for  the  realization  of  a  satisfactory  efficiency.  Due  to  this 
fact,  the  rotor  is  geared  down  to  a  driven  part,  commonly  by  a  ratio 
of  10  to  1,  and  in  this  manner  the  speed  of  the  latter  is  kept  within 
reasonable  limits.  Turbines  of  this  type  have  shown  efficiency,  and 
have  commended  themselves  for  many  special  purposes  connected 
with  the  running  of  auxiliary  machinery  such  as  electric  generators, 
ventilating  fans,  etc.  It  is,  however,  difficult  to  make  machines  of 
this  type  in  units  larger  than  from  300  to  500  h.  p.,  and  this  fact, 
together  with  the  need  of  gearing  between  the  rotor  and  driven  part, 
has  prevented  their  serious  consideration  for  propulsive  purposes. 
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Various  other  tji^es  of  turbines,  so-called  compound  in  character, 
may  be  developed  by  combinations  of  step-wise  or  semi-continuous 
metliods  of  carrying  out  the  two  fundamental  transformations  of 
energy.  Thus,  in  the  Parsons  type,  the  steam  rushes  from  the  steam 
supply  to  the  condenser  through  the  annular  space  between  the  wall 
of  a  long  cylindrical  casing  and  the  contained  rotor,  increasing  the 
cross-sectional  area  from  the  entering  to  the  delivery  end.  This 
annular  space  thus  constitutes  in  effect  a  gigantic  nozzle  within 
which  the  st^am  is  continually  undergoing  Transformation  (1)  as  it 
passes  from  one  end  to  the  other.  Within  this  annular  space  are 
alternate  rows  of  fixed  and  movable  vanes,  the  former  attached  to 
the  casing,  the  latter  to  the  rotor.  The  steam  is  thus  directed  and 
redirected  upon  the  successive  rings  of  moving  vanes,  each  of  which 
extracts  some  part  of  the  developed  jet  energy,  and  thus  the  two 
transformations,  (1)  and  (2),  go  forward,  in  a  measure,  hand  in 
hand.  It  must  not  be  assumed  that  the  increase  in  sectional  area 
of  the  effective  passage  for  the  flow  of  the  steam  is  uniform.  It  is 
controlled  by  three  factors: 

1. — The  varying  diameter  of  the  casing  increasing  by  steps  from 
one  end  to  the  other,  and,  therefore,  the  varying  circum- 
ferential length  of  the  annular  passage; 
2. — The  varying  length  of  the  vanes  and,  therefore,  the  varying 

depth  of  the  annular  passage; 
3.^ — -The  var3'irig  spacing  of  the  vanes  and  thus  the  varying  frac- 
tion of  the  annular  passage  available  for  the  flow  of  the 
steam. 

Within  these  elements  wide  variations  may  occur,  thus  offering 
means  for  any  desired  adjustment  of  the  law  of  flow,  and  of  the 
relation  between  the  two  parallel  transformations  of  energy  which 
the  process  is  designed  to  effect.  It  is  obvious  that  in  this  mode  of 
operation  the  velocity  of  flow  will  be  much  less  than  in  the  simple 
type  illustrated  by  the  De  Laval,  and  therefore  that  lower  rotative 
speeds  may  be  used.  This  fact  makes  possible  also  the  construc- 
tion of  the  turbine  in  as  large  units  as  may  be  desired,  and  thus 
places  the  mechanism,  as  a  prime  mover  for  propulsive  purposes, 
immediately  at  the  service  of  the  marine  engineer. 

In  the  Curtis  type  the  operation  is  more  distinctly  stop-wise  than 
in  the  Parsons  type.     Transformation  (1)  is  effected  by  a  series  of 
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sets  of  nozzles,  each  set  operating  through  a  moderate  pressure  differ- 
ence and  thus  developing  a  corresponding  part  of  the  total  develop- 
able jet  energy-.  Transformation  (2)  is  then  effected  in  steps  alter- 
nately with  those  of  Transformation  (1)  by  allowing  the  steam  to 
act  on  a  series  of  two  to  four  rings  of  moving  vanes,  alternate  sta- 
tionary vanes  on  the  casing  serving  to  redirect  continually  the  jet 
in  the  proper  direction  for  each  successive  set  of  rotor  vanes. 
Between  each  of  the  steps  of  Transformation  (1),  therefore.  Trans- 
formation (2)  is  effected,  also  step-wise,  and  thus  the  entire  process 
goes  forward.  Here,  likewise,  there  may  be  provision  for  some 
expansion  during  Transformation  (2),  and  thus  for  an  action  simi- 
lar to  that  in  the  Parsons  tyi^e.  The  size,  shape  and  distribution 
of  the  nozzles  may  also  be  adjusted  so  as  to  give  such  a  division  of 
Transformation  (1)  among  the  various  steps  as  may  be  desired. 

In  this  type  of  turbine,  likewise,  the  velocities  developed  are 
relatively  moderate,  and  therefore  it  becomes  available  for  marine 
propulsive  purposes,  as  represented  by  the  propulsive  machinery  of 
the  yacht  Revolution,  noted  previously. 

The  Rateau  turbine  is  a  type  quite  similar  to  the  (Curtis,  except 
that  between  each  step  of  Transformation  (1)  only  a  single  ring 
of  vanes  is  introduced  for  effecting  the  corresponding  part  of  Trans- 
formation (2).  The  machine  thus  consists  of  a  series  of  single 
ring  elements  for  the  steps  of  Transformation  (2)  alternating  with 
appropriate  nozzles  for  the  steps  of  Transformation  (1).  This  type 
has  shown  good  results  in  France,  and  is  represented  by  installations 
of  propulsive  machinery  on  two  torpedo  boats  of  the  French  Navy. 

In  the  Riedler-Stumpf  turbine  a  generally  similar  arrangement 
is  used,  the  chief  difference  being  the  use  of  a  "Pelton"  vane  milled 
into  the  periphery  of  the  rotor,  and  thus  adjusted  for  a  tangential 
rather  than  for  an  oblique  direction  of  jet,  as  with  those  in  which 
the  vanes  stand  radially. 

The  more  important  advantages  and  disadvantages  of  this  type 
of  prime  mover,  or,  rather,  its  various  points  of  individuality,  some 
of  which  may  prove  to  be  advantageous  and  some  disadvantageous 
for  the  general  pui'pose  of  ship  propulsion,  must  now  be  reviewed 
for  marine  purposes. 

Weight. — In  the  installations  thus  far  made  there  has  been  con- 
siderable weight  saving,  as  compared  with  reciprocating  engines  of 
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the  same  capacity.  According  to  the  reports  of  the  Cunard  Com- 
mission, however,  regarding  the  use  of  the  turbine  on  the  new 
ships  of  that  company,  as  referred  to,  the  saving  in  an  entire  instal- 
lation of  some  75  000  h.  p.  will  be  only  some  300  tons,  an  amount 
so  small  that  any  slight  change  in  the  schedule  of  design  might 
wipe  it  out  altogether,  or  even  change  it  to  the  other  side  of  the 
account.  This  result  is  surprising,  in  view  of  the  apparently  well- 
assured  saving  in  smaller  installations,  but  may  arise,  at  least  in 
part,  from  the  much  lower  rotative  speed  of  about  140  rev.  per  min. 
proposed  for  these  turbines,  as  compared  with  speeds  of  600  to  1  200 
rev.  per  min.  in  most  of  the  present  actual  cases.  On  this  point  fur- 
ther experience  is  needed,  to  give  assurance  as  to  the  status  of  the 
turbine,  but  when  the  short  time  during  which  it  has  been  under 
consideration  as  a  marine  motor  is  remembered,  and  the  fact  that 
most  of  the  effort  thus  far  expended  has  had  relation  to  qualities 
other  than  lightness  of  construction,  it  may  well  be  believed  that 
future  designs  will  show  advances  in  this  direction,  and  that,  in  any 
event,  in  comparison  with  present  practice,  future  designs  of  tur- 
bine machinery  will  show  a  saving  in  weight. 

In  so  far  as  such  a  saving  may  be  effected,  speed  or  carrying 
capacity  may  be  increased,  and  the  use  of  this  motor,  as  far  as  it  may 
permit  of  a  saving  of  weight  without  at  the  same  time  involving  any 
sensible  loss  in  propulsive  efficiency,  becomes,  therefore,  an  import- 
ant factor  in  the  development  of  advancing  speeds. 

Space  Occupied  and  Location  of  Macliinery. — The  space  required 
for  turbine  machinery  will  depend  at  present  much  on  the  type  used. 
The  Parsons  design  tends  toward  small  diameter  and  great  length, 
and  in  this  form  will  be  expensive  in  fore-and-aft  space,  but  econom- 
ical in  vertical  space.  Such  a  tyj)e,  therefore,  might  be  better  suited 
for  a  transatlantic  liner  than  for  a  warship,  or  even  a  freight  steamer, 
where  length  of  space  in  the  hold  is  an  item  of  relatively  greater 
importance.  On  the  other  hand,  turbines  of  the  Curtis  and  Rateau 
types  tend  to  larger  diameters  and  shorter  lengths,  as  compared  with 
the  Parsons,  and,  therefore,  in  this  particular  seem  to  be  better 
adapted  to  the  general  purposes  of  marine  propulsion.  It  is  not 
unlikely  that  all  these  may  be  found  to  be  transition  types,  and  that, 
with  experience,  some  modified  form  will  appear  with  some  combi- 
nation of  the  good  qualities  of  prevailing  types,  and  with  special 
adaptation  to  the  demands  of  marine  propulsion. 
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The  center  of  gravity  of  the  turbine  is  low,  and,  as  far  as  loca- 
tion is  concerned,  this  fact,  therefore,  will  tend  toward  increase  of 
stability,  or  may  permit  of  the  raising  of  other  weights  for  the  deter- 
mination of  any  desired  metacentric  height  or  range  of  stability 
specified. 

The  same  fact  will  also  favor  the  protection  of  turbine  machin- 
ery on  warships,  and  will  react  advantageously  in  this  respect  on 
various  features  of  warship  design  and  construction. 

Rotative  Speeds. — For  the  best  efficiency,  the  turbine  tends 
toward  high  rotative  speeds;  higher  often  than  the  screw  propeller 
will  admit  for  its  own  best  efficiency  under  the  conditions  imposed 
by  the  design.  A  compromise,  therefore,  must  often  be  effected 
between  the  conditions  best  adapted  to  the  propeller  and  those  best 
adapted  to  the  turbine.  In  particular,  it  may  result  that  some 
part  of  the  available  efficiency  of  the  propeller  must  he  sacrificed 
in  order  to  obtain  the  best  combination  result,  and  in  such  case  a 
high  rotative  speed  of  the  turbine  must  be  reckoned  as  a  relative 
disadvantage.  It  must  be  remembered  particularly  that  the  ultimate 
test  of  propulsive  efficiency  lies  in  the  power  transformed  into  the 
direct  propulsion  of  the  ship,  and  that  the  top-notch  efficiency  of 
the  tvirbine  may  be  rendered  of  small  avail  by  a  propeller  operating 
under  inefficient  conditions. 

As  the  problem  of  the  combination  of  the  propeller  and  the 
turbine  are  further  studied,  however,  it  may  confidently  be  expected 
that  a  basis  of  agreement  may  be  reached  which  will  involve  no 
serious  loss  of  efficiency  on  the  part  of  either,  and  that  the  rela- 
tively high  speeds  of  rotation  will  no  longer  be  considered  as  in- 
volving, to  any  serious  degree,  a  loss  of  propulsive  efficiency. 
Under  this  head,  remark  may  also  be  made  of  the  tendency  to 
discard  multiple  screws  on  the  same  shaft  which  were  used  in 
early  installations,  and  particularly  in  the  Turhinia,  where  three 
shafts,  each  carrying  three  propellers,  were  used.  Later,  in  such 
installations,  two  propellers  were  installed  on  each  shaft,  while 
in  most  of  the  latest  designs  but  one  propeller  on  each  shaft  is 
shown,  the  rotative  speeds  being  brought  down  to  a  point  per- 
mitting a  sufficient  diameter  for  the  propeller  area  needed,  without 
resort  to  the  multiple  system. 

Balance. — The  mechanical  construction  of  the  turbine  is  of  the 
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utmost  simplicitj^  in  type,  showing  only  a  single  symmetrical 
rotating  piece  as  its  moving,  part.  This  is  perfectly  balanced 
dynamically  and  statically,  and  there  are,  therefore,  no  inertia 
forces  whatever  arising  from  reciprocating  parts  as  in  the  ordinary 
type  of  marine  engine.  The  only  agency  which  may  give  rise  to 
ship  vibrations  with  turbine  machinery  seems  to  be  at  the  propeller, 
which,  if  out  of  balance,  or  if  exposed  to  varying  resistance  during 
the  rotation  of  tlie  blades,  may  produce  corresponding  disturbances 
at  the  stern  of  the  boat.  Experience  has  shown,  however,  that, 
with  turbine  machinery,  ship  vibrations  become  a  negligible  quan- 
tity, and  this  type  of  motor  may,  therefore,  be  counted,  upon 
for  the  practical  elimination  of  this  troublesome  problem  in  present- 
day  practice  with  reciprocating  engines. 

Backing  and  Maneuvering. — The  turbine  cannot  be  reversed 
after  the  manner  of  the  reciprocating  engine,  and  for  this  reason 
special  provision  must  be  made  in  marine  installations  for  running 
the  shaft  in  the  backing  direction.  The  accepted  method  in  pres- 
ent installations  involves  the  provision  of  a  section  of  the  turbine 
rotor  furnished  with  one  or  more  rings  of  vanes  set  in  the  inverse 
direction^  and  provided  with  appropriate  connections  for  separate 
steam  supply.  This  section  is  usually  located  at  the  exhaust  end 
of  the  turbine  so  that  when  ,Toing  ahead  it  is  operating  in  a  partial 
vacuum,  and  is,  therefore,  absorbing  the  minimum  amount  of  power 
in  overcoming  vapor  friction.  This  feature,  apparently,  must  count 
as  a  relative  disadvantage  of  the  turbine,  since,  in  order  to  back, 
this  extra  section  of  turbine  must  be  provided,  constituting,  when 
going  ahead,  a  useless  weight,  and  absorbing  at  least  some  power 
in  overcoming  the  frictional  resistance  of  the  medium  in  which  it 
revolves.  In  the  earliest  designs  but  a  small  fraction  of  the  go- 
ahead  power  was  provided  for  backing.  In  later  designs  this  frac- 
tion has  continually  risen  to  values  of  about  one-half  or  more. 
No  effort  is  made,  how-ever,  toward  special  economy  in  the  backing 
section,  and,  therefore,  such  a  fraction  of  the  go-ahead  power  may 
be  developed  without  by  any  means  requiring  a  corresponding 
fraction  of  the  weight. 

Economy. — Regarding  the  economy  of  the  steam  turbine  for 
propulsive  purposes,  there  seems  to  be  some  uncertainty  at  the 
present  time.     This  in  part  arises  from  the  difficulty  of  measuring 
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or  knowing  the  power  which  is  developed  in  any  given  case.  The 
steam  tnrl)ine  cannot  be  indicated  after  the  manner  of  the  recipro- 
cating engine,  and  thei'efore  there  is  no  way  of  knowing  the  power 
developed,  except  by  inference  from  the  propulsive  performance. 
For  stationary-power  purposes,  and  particularly  for  the  operation 
of  electrical  generators,  where  the  power  delivered  may  be  measured 
by  the  electrical  output  and  the  known  efficiency  of  the  generator, 
this  uncertainty  is  removed  and  the  economic  performance  may  be 
definitely  known.  For  marine  purposes,  however,  the  efficiency 
of  the  propeller  enters  as  a  factor  into  the  judgment  regarding 
economy,  and  it  may  well  be  that  in  some  cases  the  efficiency  of  the 
turbine  has  suffered  by  this  reason.  Judged  in  this  manner,  either 
by  direct  inference  from  the  propulsive  performance,  or  by  com- 
parison with  the  coal  economy  of  similar  steamers  with  reciprocating 
engines  and  a  known  indicated  horse-power,  the  performance  in  the 
case  of  the  Clyde  turbine  steamers  has  been  reported  as  highly 
satisfactory  and  as  indicating  some  saving  over  those  of  similar 
type  with  reciprocating  engines.  Regarding  the  English  Channel 
steamers,  the  information  is  less  definite,  and  regarding  the  torpedo 
boats  or  destroyers  which  have  thus  far  been  equipped  with  this 
type  of  propulsive  machinery,  the  evidence  is  likewise  somewhat 
variable.  In  some  reported  trials  the  economic  results  seem  to 
have  been  satisfactory,  while  in  others  they  indicate  a  lower  effi- 
ciency than  might  be  expected  from  reciprocating  engines,  in  some 
cases  the  estimate  of  power  indicating  a  coal  consumption  of  con- 
siderably more  than  2  lb.  per  h.  p.  per  hour. 

Accepting  the  figures  given  by  tests  with  electrical  machinery, 
it  may  be  considered  as  demonstrated  that,  with  ordinary  saturated 
steam,  such  as  is  furnished  by  boilers  without  superheaters,  the 
steam  turbine  in  itself  shows  an  economy  of  practically  the  same 
order  as  the  reciprocating  engine  under  like  conditions.  With 
superheated  steam,  hovv^ever,  the  turbine  seems  to  show  a  pronounced 
advantage  and  a  distinct  gain  in  economy.  The  two  conditions 
which  seem  to  influence  peculiarly  the  economy  of  the  steam  turbine 
are  quality  of  steam  and  terminal  pressure.  The  turbine  is 
especially  sensitive  to  these  two  conditions,  and  shows  marked  gain 
in  economy  with  increase  in  superheat  and  decrease  in  terminal 
pressure.     Aside  from   the  better  thermodynamic  conditions  which 
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these  changes  imply,  it  is  believed  that  a  considerable  part  of  the 
gain  is  due  to  the  reduction  of  the  friction  of  the  rotor  due  on  the 
one  hand  to  the  decrease  or  absence  of  water  of  condensation  from 
adiabatic  expansion,  and  on  the  other  to  a  decrease  in  the  density 
of  the  vapor  at  the  exhaust  end  where  are  found  the  highest 
peripheral  speeds  and  largest  vanes,  and  where  vapor  friction  will 
€ause  the  greatest  loss. 

The  reciprocating  engine,  in  economy,  is  sensitive  to  both 
increase  in  initial  pressure  and  decrease  in  terminal  pressure,  and 
it  is  found  that  pressures,  at  least  up  to  200  lb.  or  more,  are  required 
for  the  highest  contemporary  efficiencies.  With  the  turbine  this 
does  not  seem  to  follow,  and  of  the  two  there  seems  to  be  more  gain 
relatively  by  a  decrease  in  the  terminal,  than  by  an  increase  in  the 
initial  pressure.  Due  to  this  fact  it  may  be  considered  that  for  the 
same  economy  the  steam  turbine  does  not  call  for  as  high  an  initial 
steam  pressure  as  the  reciprocating  engine,  while  it  does  call  for  a 
distinctly  lower  terminal  pressure  and  better  condenser  vacuum. 
In  the  best  turbine  practice  at  present  a  vacuum  of  about  28  in. 
is  considered  as  standard,  and  as  required  for  the  development  of 
significant  turbine  economy. 

Due  to  the  fact,  furthermore,  that  there  is  no  cyclical  history 
of  the  steam,  the  walls  of  the  rotor  and  casing  reach  a  steady  con- 
dition as  regards  temperature,  and  therefore  there  is  no  periodic 
transfer  of  heat  from  the  steam  to  the  walls  and  from  the  latter 
to  the  condenser,  thus  resulting  in  serious  loss  by  initial  condensa- 
tion, as  in  the  reciprocating  engine.  Due  to  the  same  fact,  there 
is  no  limitation  in  the  economical  expansion  ratio,  as  in  the  recipro- 
cating engine,  and  with  turbines  the  steam  may  and  should  be 
expanded  to  an  extent  far  exceeding  ranges  which  have  hitherto 
been  customary.  In  turbine  practice,  expansion  ratios  may  reach 
to  a  hundred-fold  or  more,  and  in  fact,  such  high  ratios  are 
demanded  for  the  best  results,  and  as  a  condition  of  the  low  termi- 
nal pressures  previously  referred  to. 

These  various  conditions  for  economy  with  the  turbine  require 
large  connections  on  the  exhavist  end,  large  condensers,  and 
especially  careful  workmanship  and  supervision  with  regard  to  both 
condensers  and  air-pumps.  In  this  respect,  relatively,  the  tiirbine  is 
at  a  disadvantage  with  the  common  tj^ie  of  engine. 
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Another  point  wherein  the  turbine  suffers  somewhat  by  compari- 
son with  the  reciprocating  tjq^e  of  engine  is  in  the  range  of  economy. 
From  the  nature  of  the  turbine,  the  power  cannot  be  varied  by 
changing  the  point  of  cut-off  and  thus  varying  the  expansion  ratio. 
Such  variation  of  power  as  is  required  is  usually  brought  about  by 
controlling  in  one  way  or  another  the  quantity  of  steam  which  is  ad- 
mitted into  the  turbine.  Thus,  where  multiple  nozzles  are  used,  as 
in  the  Ciirtis  and  Kateau  types,  the  number  of  nozzles  opened  may  be 
varied  and  the  steam  inflow  controlled  in  this  manner.  Wliere  such 
nozzles  are  not  used,  as  in  the  Parsons  type,  the  steam  inflow  is  con- 
trolled by  a  poppet  or  special  form  of  valve  to  which  is  given  an 
intermittent  motion  in  accordance  with  the  demand  for  power,  thus 
permitting  the  steam  to  enter  in  a  more  or  less  interrupted  series 
of  puffs  for  reduced  rates  of  power  output,  varying  up  to  continuous 
flow  for  full  power. 

Under  these  conditions  it  is  found  that  the  economy  of  the  tur- 
bine increases  continuously  with  its  output,  and  does  not,  as  with 
the  reciprocating  engine,  find  a  range  of  minimum  steam  consump- 
tion on  either  side  of  which  the  consumption  increases. 

The  economy  of  the  turbine  is  furthermore  sensitively  dependent 
on  the  speed  of  rotation.  If  the  speed  can  be  maintained  at  or  near 
its  maximum  and  the  resistance  alone  varied,  as,  for  instance,  in  the 
operation  of  an  electric  generator,  a  relatively  wide  range  of  power 
may  be  covered  with  a  slight  falling  off  in  economy.  In  marine  pro- 
pulsion, however,  speed  and  resistance  necessarily  vary  together,  and 
decrease  in  speed  of  ship  carries  with  it  decrease  in  rotative  speed,  as 
well  as  decrease  in  power.  Due  to  these  facts  the  economy  of  the 
turbine  falls  off  rapidly  with  reduced  speed,  and  its  general  operative 
efliciency,  therefore,  is  only  satisfactory  for  conditions  close  to  the 
maximum  for  which  it  was  designed.  As  noted  previously,  there  seems 
to  be  no  way,  with  such  type  of  motor,  of  paralleling  the  reduction 
of  power  in  the  reciprocating  engine  by  earlier  cut-off,  increased 
number  of  expansions  and  decreased  mean  effective  pressure.  This 
limitation  in  speed  variation,  with  small  change  in  economy,  must 
count,  therefore,  for  the  present,  as  a  disadvantage  for  the  turbine. 
Combinations  have  been  proposed  of  turbines  and  reciprocating 
engines,  the  former,  or  both  together,  for  full  power  ahead,  and  the 
latter  for  reduced  speeds,  and  to  aid  in  backing.    Such  combinations. 
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at  best,  are  expensive  in  space  occupied,  and  it  is  by  no  means  sure 
how  satisfactorily  they  would  meet  the  general  requirements  of  the 
case.  The  idea  remains  simply  as  a  proposition,  and  without  demon- 
stration by  actual  trial. 

For  these  general  reasons  regarding  range  in  economy,  the  tur- 
bine is,  perhaps,  in  this  particular,  less  well  adapted  for  warship 
practice,  where  most  of  the  power  is  developed  at  lower  rates  of 
output  for  cruising  purposes,  than  for  mercantile  use,  where,  as  a 
rule,  the  power  is  developed  at  full  rates  of  output,  and  hence  under 
conditions  most  favorable  for  economy. 

The  more  general  adoption  of  the  steam  turbine  for  marine  pur- 
poses, and  its  futvire  as  a  marine  prime  mover,  must  depend  on  two 
main  facts;  first,  its  adaptation  mechanically  to  the  operation  of  a 
screw  propeller;  and,  second,  the  resultant  economy  of  operation. 

Regarding  the  first  point,  as  already  noted  in  the  discvission  of 
its  various  characteristics,  the  evidence  seems  to  be  sufficiently  con- 
clusive in  favor  of  the  ttirbine. 

Regarding  the  second  point,  the  evidence  of  superiority  over  the 
reciprocating  engine  is  less  conclusive.  As  already  pointed  out,  the 
question  of  economy  is  more  than  a  problem  of  thermodynamic 
efficiency;  it  is  a  problem  of  propulsive  efficiency  as  well,  and,  with 
present  knowledge,  engineers  are  much  in  the  dark  regarding  the 
interpretation  of  the  total  result,  and  as  to  whether  the  relatively 
large  coal  consumption  in  certain  cases  is  to  be  charged  to  the 
propellers,  or  to  the  turbine,  or  to  both.  While  the  evidence  now  in 
hand  shows  a  general  economic  performance  of  the  same  order  for 
the  turbine  as  for  the  reciprocating  engine,  and  while  one  may 
look  to  the  future  with  confidence  that  the  general  problem  of 
economy  will  be  solved  satisfactorily,  and  while  the  extent  to  which 
the  turbine  has  already  been  installed,  or  is  contemplated  in  present 
designs,  may  be  taken  as  evidence  of  the  confidence  felt  in  regard 
to  this  matter,  yet  it  must  be  admitted  that  the  exact  status  of  the 
turbine  in  regard  to  general  resultant  propulsive  economy  is  still  in 
abeyance,  and  must  remain  for  further  experience  to  determine. 

The  Internal  Combustion  Motor. 
As  forming  a  part  of  the  general  advance  in  matters  relating  to 
marine  engineering,  mention  should  be  made  of  the  internal  com- 
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bustion  motor,  typified  by  the  gasoline  engine,  and  forming  so  im- 
portant a  feature  in  connection  with  the  designi  of  small  pleasure 
launches  and  special-purpose  craft  of  various  kinds. 

The  internal  combustion  motor  differs  from  the  combination  of 
steam  engine  and  boiler  in  the  union  of  the  two  operations  of  com- 
bixstion  and  expansion  operation  in  one  mechanism.  With  coal 
and  steam  the  heat  energy  is  liberated  in  one  place,  and  transformed 
into  mechanical  work  in  another.  With  the  combustion  motor,  the 
heat  energy  is  liberated  and  transformed  into  mechanical  work  in 
the  cylinder  of  the  motor,  and  as  successive  events  of  a  continuous 
cycle. 

In  such  an  outfit,  therefore,  there  is  no  coal  or  boiler,  and  the 
attendant  heat  and  discomfort  are  removed.  This  feature,  as  well 
as  the  saving  of  space,  is  of  special  value  for  small  boats,  particularly 
for  pleasure  purposes.  The  design  and  construction  of  such  boats, 
mostly  in  sizes  from  20  to  40  ft.  in  length,  and  equipped  with  motors 
of  3  to  10  h.  p.  has  taken  on  during  the  past  few  years  an  enor- 
mous expansion,  and  has  come  to  be  a  standard  feature  of  the  engin- 
eering practice  of  the  day,  for  pleasure  and  other  special  purposes 
which  such  boats  may  properly  fill. 

In  later  designs  in  this  field,  special  attention  has  been  paid  to 
weight,  and  in  a  certain  class,  coming  to  be  known  as  auto-boats, 
the  relation  of  weight  to  power  developed  has  been  reduced  to  very 
low  figures.  This  favors  the  attainment  of  high  speeds,  and  just 
at  the  present  time  the  development  of  boats  of  this  type  for  the 
highest  attainable  speeds  is  attracting  much  attention  from  designers 
and  builders  of  pleasure  craft.  In  recent  cases  1  h.  p.  is  developed 
on  25  to  30  lb.  total  machinery  weight,  and  is  installed  on  about 
15  to  20  lb.  of  boat  weight,  thus  giving  1  h.  p.  for  40  to  50  lb.  of 
displacement  weight,  or  at  the  rate  of  40  to  50  h.  p.  per  ton  of 
displacement.  With  boats  of  this  type,  and  in  leng-ths  of  30  to  50 
ft.,  speeds  of  20  to  25  miles  per  hour  are  obtained,  and  there  is 
every  indication  of  a  rapid  development  along  these  lines  and  of 
the  construction  of  still  larger  boats  of  this  type,  and  of  the  attain- 
ment of  correspondingly  higher  speeds. 

The  internal  combustion  motor,  however,  in  its  present  form 
and  mode  of  operation  is  by  no  means  a  finality.  Motors  of  this 
type  require  a  delicate  adjustment  among  the  various  attendant  con- 
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ditions,  and  leave  much  to  be  desired  on  the  score  of  reliability  and 
certainty  of  operation,  especially  in  starting  and  in  the  control  of 
speed  variation.  It  will  remain  for  the  future  to  develop  and  provide 
improved  conditions  in  these  respects. 

In  economy,  internal  combustion  motors  give  a  higher  thermo- 
dynamic efficiency  than  most  steam  engines,  and  a  correspondingly 
low  rate  of  fuel  consumption.  Due,  however,  to  the  specialized  char- 
acter of  the  fuel  used,  the  cost  per  horse-power  with  gasoline  motors 
is  naturally  greater  than  with  steam.  For  the  special  purposes  to 
which  such  boats  are  put,  however,  the  increase  in  operating  expense, 
due  to  this  fact,  is  usually  of  small  relative  importance. 

Interesting  results  have  also  been  obtained  recently  with  special 
forms  of  producer  gas  outfits  of  the  suction  type,  and  intended  for 
coal,  coke  or  other  kinds  of  solid  fuel.  With  high-grade  fuel,  re- 
ports indicate  the  development  of  1  i.  h.  p.  per  hour  with  a  combus- 
tion of  about  1  lb.,  and  the  general  indications  regarding  such  out- 
fits give  hope  of  usefulness  in  certain  parts  of  the  general  field  of 
marine  service. 

There  does  not  seem  to  be  any  present  likelihood,  however,  of  the 
general  displacement  of  the  steam  engine  by  the  internal  combus- 
tion motor,  and  this  is  due  primarily  to  two  causes :  (1)  Mechanical 
and  practical  difficulties  which  lie  in  the  way  of  constructing  and 
operating  such  motors  of  large  size;  and  (2)  the  greater  cost  of  fuel 
or  greater  bulk  and  weight  of  apparatus  required. 

Within  its  own  field,  however,  the  internal  combustion  motor 
boat  forms  one  of  the  most  interesting  developments  of  the  past 
decade,  and  marked  improvements  may  be  looked  for  in  the  near 
future,  and,  presumably,  a  corresponding  increase  in  the  extent  of 
field  occupied  and  in  the  importance  of  such  forms  of  motor  for  the 
purposes  of  marine  propulsion. 

Propulsion. 
During  the  past  ten  years  there  has  been  but  little  definite 
progress  in  matters  relating  to  the  propulsion  of  ships.  The  screw 
propeller  still  holds  the  field  as  the  typical  means  for  marine 
propulsion,  and  has  invaded  to  a  considerable  extent  the  field  of 
river  and  general  shallow-water  navigation,  long  the  especial  field 
of  the  paddle-wheel. 
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As  is  natural  from  its  extreme  importance,  the  screw  propeller 
during:  the  decade  has  been  the  object  of  continued  study,  both 
theoretical  and  experimental.  There  has  been  no  marked  advance, 
however,  in  the  theory  of  its  action,  nor  is  there  likely  to  be  without 
further  development  of  the  experimental  foundation  on  which  any 
practical  theory  must  rest.  There  has  been  a  gradual  accumulation 
of  experimental  data,  however,  particularly  in  the  experimental 
canal  at  Cornell  University  under  a  grant  from  the  Carnegie 
Institution  at  Washington,  and  an  extended  investigation  has  been 
in  progress  in  relation  to  the  general  performance  of  standard 
forms,  which,  when  completed,  should  furnish  valuable  indications 
regarding  the  influence  on  the  performance  due  to  the  three  main 
factors,  pitch  ratio,  slip  and  surface. 

The  fundamental  features  of  the  theoi\v  of  the  screw  propeller 
are  well  known,  and  further  advances  having  relation  to  its  design 
or  adaptation  to  special  problems  require  more  facts  rather  than 
more  theory,  valuable  as  the  latter  may  be  for  purposes  of  general 
investigation. 

On  the  whole,  however,  both  pure  and  applied  theories  of  the 
screw  propeller  may  be  considered  as  fairly  well  in  hand,  and  it  is 
likely  that  in  most  cases  the  preventable  margin  of  loss  due  to  the 
propeller  alone  is  not  serious.  It  seems  well  established  that  the 
highest  attainable  efficiencies  for  the  screw  propeller  are  close  to 
70%,  and  it  is  not  likely  that  any  amount  of  research  or  experience 
will  point  the  way  to  a  value  of  efficiency  higher  than  this  in  any 
marked  degree.  The  purpose  of  further  investigation  and  study  is 
not  so  much  the  development  of  a  design  with  higher  maximum 
efficiency,  but  rather  such  an  understanding  of  the  conditions  affect- 
ing efficiency  that  average  operating  values  may  be  raised,  and  in 
any  given  case  a  value,  closely  approximating  the  maximum,  may 
be  safely  counted  on. 

Mention  may  be  here  made  of  a  special  condition  which  arose, 
during  the  past  decade,  in  connection  with  the  operation  of  small 
propellers  at  very  high  speeds,  and  "under  conditions  which  threw 
upon  them  a  large  amount  of  power  and  a  high  value  of  the 
propulsive  thrust.    . 

These  conditions,  especially  as  met  with  on  the  first  turbine  boat 
Turhiiiia  and  on  certain  designs  of  the  torpedo-boat  class,  gave  I'ise 
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to  the  formation  of  partial  cavities  about  the  following  edges  or 
siarfaces  of  the  propeller  blades,  with  a  resulting  lack  of  water 
operated  on  and  thrust  developed.  This  phenomenon,  known  as 
cavitation,  has  formed  the  subject  of  extended  examination  by  both 
Barnaby  and  Parsons,  who  have  related  it  to  the  thrust  developed 
per  square  inch  of  projected  propeller  area,  and  find  that  while  it 
is  doubtless  primarily  dependent  on  speed  of  blade,  depth  of  immer- 
sion and  slip  under  which  it  is  operating,  yet,  for  practical  pur- 
poses, the  limiting  condition  may  be  most  readily  expressed  in 
terms  of  thrust  per  square  inch  of  projected  propeller  area,  and 
state  that  available  experience  points  to  the  limit  of  about  11  lb. 
per  sq.  in.  as  insuring  safety  with  regard  to  this  condition. 

For  combination  with  turbine  machinery,  or  with  high-speed 
gasoline  engines,  as  in  the  so-called  auto-boat,  or  in  other  cases  of 
special  design,  peculiar  interest  attaches  to  the  performance  of 
screw  propellers  of  unusually  low  pitch  ratio.  Tn  standard  practice, 
the  ratio  of  pitch  to  diameter  has  rarely  fallen  much  below  1,  and 
values  of  1  to  1.4  have  covered  the  range  of  general  design.  In  some 
cases  of  recent  special  design,  however,  values  of  the  pitch  ratio 
down  to  0.5  and  below  have  been  contemplated,  and  at  the  present 
time,  the  general  performance  of  such  propellers  forms  a  question 
of  much  interest  and  importance,  especially  with  reference  to  the 
best  combination  of  steam  turbine  and  screw  propeller  for  the 
purposes  of  marine  i^ropulsion. 

An  allied  question  has  reference  to  the  best  available  efficiency 
with  more  than  one  propeller  on  the  same  shaft,  and  the  conditions 
needful  for  the  realization  of  such  efficiencies. 

In  the  early  days  of  turbine  propulsion,  ns  has  been  already 
noted,  three  propellers,  and  later  two,  were  used  on  one  shaft,  while 
in  present  practice  but  one  is  used.  The  primary  purpose  of 
multiple  propellers  has  been  to  reduce  the  thrust  per  square  inch 
of  projected  area,  and  thus  to  avoid  conditions  likely  to  produce 
cavitation  and  its  attendant  loss  as  previoiisly  noted.  Although 
in  later  designs  it  is  believed  that  these  conditions  have  been  met 
with  a  single  propeller,  it  is  by  no  means  unlikely  that  conditions 
may  arise  under  which  multiple  propellers  on  one  shaft  will  become 
a  necessity,  and,  if  so,  the  conditions  for  the  best  possible  efficiency 
become  a  matter  of  much  importance.     In   addition   to   the  items 
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which  influence  the  performance  of  a  single  propeller,  such  a 
problem  will  also  involve  the  distance  between  the  propellers,  their 
relative  surfaces  and  their  relative  pitch  ratios.  In  particular,  while 
it  is  difficult  with  present  data  to  specify  the  proper  relation  between 
the  pitch  ratios  of  two  or  three  propellers  on  one  shaft,  it  seems  to 
be  very  certain  that  they  should  not  be  the  same,  and  that  much 
of  the  success  or  failure  of  the  combination  might  be  due  to  the 
selection  of  a  proper  combination  in  respect  to  this  feature. 

Future  experience  must  answer  special  problems  of  this  char- 
acter. The  past  decade  has  done  its  part  in  assuring  general  ad- 
vancement in  the  knowledge  of  the  screw  propeller,  in  the  better 
determination  of  the  conditions  for  best  efficiency,  and  in  the 
presentation  of  new  problems  beariiig  on  the  further  development 
of  marine  propulsion.  It  seems  likely  that  no  revolutionary  changes 
in  this  part  of  the  field  are  to  be  anticipated,  and  that  the  progress 
of  the  future  in  this  direction  must  consist  chiefly  in  the  further 
study  of  special  conditions,  and  in  the  still  more  reliable  determina- 
tion of  the  limiting  conditions  for  specified  individual  cases. 

Auxiliary  Machinery. 

Regarding  the  use  of  auxiliary  machinery  in  marine  engineer- 
ing, there  are  few  items  requiring  special  mention  in  a  chronicle  of 
progress  covering  the  last  decade.  Electricity  has  steadily  advanced 
in  the  variety  of  its  applications,  and  is  now  used  almost  univers- 
ally for  lighting,  and,  to  some  extent,  for  heating.  Electric  power 
is  used  for  operating  fans,  both  for  ventilation  and  forced  draft, 
winches  and  cargo  hoists  of  all  kinds,  and  on  warships  for  ammuni- 
tion hoists  and  for  the  turret-controlling  gear.  It  is  also  used  to 
some  extent  for  the  operation  of  centrifugal  pumps,  and,  in  some  few 
instances,  for  refrigerating  machinery.  Under  these  circumstances, 
the  electric  generators,  motors  and  other  appliances  used  on  ship- 
board have  assumed  a  position  of  serious  importance,  and  require 
careful  attention  in  both  design,  construction  and  installation. 

Thus  far,  electric  installations  on  shipboard  have  been  of  the 
direct-current  type,  the  peculiar  advantages  of  alternate-current  gen- 
eration for  long-distance  distribution  not  being  significant  for  the 
distances  involved,  and  the  readier  adaptation  of  the  direct  current 
for  power  purposes  proving  a  determining  feature.     With  the  later 
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development  of  alternate-current  motors  and  their  adaptation  to 
almost  all  possible  power  purposes,  however,  the  special  advantages 
of  the  direct-current  distribution  on  shipboard  are  becoming  less 
significant,  and  with  the  resources  at  the  disposal  of  the  electrical 
engineer  of  the  present  day,  there  seems  to  be  no  serious  reason  why, 
if  desired,  the  various  requirements  on  shipboard  might  not  be  met 
by  electric  machinery  of  the  alternate-current  type. 

Generators  are  usually  operated  by  small  direct-connected  steam 
engines,  though  latterly  the  steam  turbine  has  come  into  some  favor 
for  such  purposes. 

With  increased  size  of  units  and  general  increase  m  the  atten- 
tion given  to  matters  affecting  economy,  there  has  been  a  steady 
improvement  in  the  cost  of  electric  power  in  terms  of  coal  burned. 
At  best,  however,  engines  of  the  type  and  size  commonly  used  for 
such  purposes  are  wasteful  of  heat,  and  rarely  give  1  h.  p.  per  hour 
on  less  than  30  to  40  lb.  of  steam,  or  3  to  -4  lb.  of  coal.  In  large  units, 
however,  and  with  compound  engines  running  on  full  loads  fairly 
steady,  these  figures  may  be  rcxluced  to  the  neighborhood  of  20  to  25 
lb.  of  steam,  or  2  to  3  lb.  of  coal. 

During  the  past  decade  great  improvements  have  been  made  in 
the  details  of  electric  installation  on  shipboard,  and  at  present  all 
leading  ship  registration  societies  give  extended  rules  for  the 
proper  installation  of  all  electric  machinery,  including  generators, 
motors,  wiring,  lamps,  signal  apparatus,  etc.  The  reduction  of  the 
varied  practice  of  the  early  installations  to  the  standard  practice  of 
the  present  day,  based  on  the  experience  of  the  past  twenty  years, 
has  done  much  to  insure  the  safety  and  reliability  of  all  apparatus 
of  this  character. 

Regarding  the  various  pumps  used  on  shipboard,  the  practice 
and  status  during  the  decade  have  remained  substantially  con- 
stant. The  most  important  advances  have  been  in  the  direction  of 
greater  economy,  especially  for  the  air  and  feed-pmnps.  Such  pumps 
of  the  direct-acting  type  are  notoriously  inefficient  in  steam  econ- 
omy, and  records  of  steam  consumption,  for  ordinary  types  operated 
without  due  regard  to  conditions  for  economy  show  results  ranging 
from  100  lb.,  cr  somewhat  less  as  a  minimum,  to  200  or  300  lb.  or 
more  per  h.  p.  per  hour.  With  special  effort  toward  economy,  how- 
ever, both  in  the  design  of  the  pump  and  in  the  mode  of  operation. 


MARIXE    ENGINEERING.  239 

the  steam  consumption  has  been  brought  down  to  the  neighborhood 
of  40  lb.  and  upward  per  h.  p.  per  honr. 

In  the  desig-n  of  air-pnmps,  steady  advance  has  been  made  in  the 
decrease  of  weight  and  increase  in  economy,  with  substantial  uni- 
formity of  type.  For  high-speed  engines,  the  "Bailey"  type  of  direct- 
connected  air-pump  has  met  with  high  favor.  In  this  pump  the 
plunger  acts  as'  its  own  valve,  and,  therefore,  the  use  of  valves  oper- 
ated by  the  residual  pressure  in  the  condenser  is  avoided.  For  high 
speed  of  operation,  as  with  direct-connected  pumps  on  torpedo  boats 
and  similar  small  craft,  such  a  type  of  pump  has  given  excellent 
satisfaction,  and  has  found  a  definite  place  in  the  practice  of  the 
day. 

In  condensers,  the  type  has  remained  without  important  change, 
and  progress  has  concerned  itself  chiefly  with  minor  or  structural 
details,  especially  such  as  may  relate  to  the  saving  of  weight  and 
space  occupied.  The  most  serious  difficulty  in  connection  with 
the  modern  condenser  is  in  the  deterioration  of  the  tubes,  and  the 
present  great  desideratum  is  for  a  material  which  will  withstand  the 
corroding  influences  to  which  condenser  tubes  are  subject,  and  which 
will  not  be  too  expensive  as  compared  with  the  brass  alloys  at  pres- 
ent in  use.  The  need  for  such  a  material  has  been  clearly  developed 
during  the  past  decade,  and  it  is  hoped  that  well-directed  research 
during  the  next  decade  will  provide  the  remedy. 

For  circulating  pimips,  the  centrifugal  type,  direct-driven  by  a 
small  steam  engine  or  electric  motor,  is  the  standard;  a  type  well 
established  ten  years  ago,  and  the  status  of  which  the  experience  of 
the  decade  has  still  more  definitely  confirmed  as  the  best  adapted  for 
the  particular  service  demanded. 

Such  pumps  are  usually  provided  with  a  double  inlet,  one  from 
the  sea  and  the  other  from  the  bilge,  so  that  by  proper  adjustment 
they  may  be  made  to  serve  as  bilge  pumps  in  case  of  need. 

The  use  of  refrigerating  machinery  has  become  more  general 
on  shipboard  during  the  decade,  and  in  the  details  of  installation 
and  operation  great  improvements  have  been  made.  Both  com- 
pressed-air and  volatile-liquid  systems  are  in  use.  In  the  former 
case  the  Allen  dense-air  machine  represents  standard  American 
practice,  while  in  the  latter,  standard  tyi^es  of  ammonia  machines  are 
generally  used.     The  utilization  of  refrigerating  machinery  in  large 
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units  on  refrigerating  ships  for  the  handhng  of  perishable  food- 
stuffs such  as  meat  and  fruits^  has  undergone  extended  development 
during  the  past  decade,  and  the  installation  of  such  machinery  has 
received  notice  from  the  leading  ship  registration  societies,  and  is 
covered  by  appropriate  rules  in  the  same  manner  as  for  the  electrical 
equipment,  or  the  main  propelling  machinery  itself. 

The  use  of  centrifugal  fans  for  ventilation  and  mechanical-draft 
purposes  is  to-day  still  more  strongly  intrenched  in  marine  practice 
than  was  the  case  a  decade  ago.  There  has  been  a  growing  recogni- 
tion of  the  need  of  separate  installations  of  fans  for  ventilation  and 
mechanical  draft,  and  in  the  best  practice  of  the  day  the  same  fan 
is  not  commonly  called  upon  for  more  than  one  purpose.  In 
particular,  of  course,  is  this  the  case  with  the  induced  system  of 
draft.  Fans  have  been  operated  for  the  most  part  by  direct-con- 
nected steam  engines.  Latterly,  as  already  noted,  electric  motors 
have  come  into  some  use  for  operating  ventilating  fans,  but  have 
not  been  considered  as  suitable  for  the  conditions  under  which 
mechanical-draft  fans  must  operate.  The  steam  turbine  in  small 
sizes  is  now  attracting  some  attention  for  this  purpose,  and,  accord- 
ing to  report,  has  given  fair  satisfaction  in  trial  installations. 

In  auxiliaries  having  relation  to  the  boilers,  the  increasing  use 
of  the  evaporator  or  special  distiller  for  make-ui")  feed-water  is, 
perhaps,  of  greatest  significance.  The  past  decade  has  witnessed 
full  acceptance  of  the  principle  of  operation,  that  no  marine  boiler, 
whether  fire-tube  or  water-tube,  should  be  fed  with  salt  water,  and 
that  special  provision,  usually  by  evaporator,  should  be  made  for 
the  margin  of  loss  which  always  occurs  in  the  operation  of  marine 
machinery.  This  places  the  evaporator,  already  in  favor  at  the 
beginning  of  the  past  decade,  on  a  definitely  established  status,  and 
marks  it  as  a  standard  item  of  the  best  practice  of  the  present  day. 

The  use  of  the  feed  heater  in  one  form  or  another  has  also 
increased  in  marked  degree  during  the  period  imder  consideration. 
This  is  simply  an  item  in  the  general  advance  along  all  lines  bear- 
ing on  economy.  Heaters,  both  of  the  open  and  closed  type,  are 
used,  and  steam  for  supplying  the  heat  is  taken  from  the  various 
receivers,  from  the  various  auxiliary  exhausts,  or  even  as  live  steam 
from  the  boiler,  and  in  various  combinations,  according  to  the 
details  of  the  case  and  the  ideas  of  the  designer  or  engineer  in 
charge. 
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The  items  of  such  combinations  are  of  less  importance,  for  the 
present  purpose,  than  the  recognition  of  the  extent  to  which  the 
demand  for  better  economy  has  come  to  be  recognized  and  accepted 
as  a  guiding  principle  in  the  design  and  installation  of  all  forms 
of  marine  machinery. 

Perhaps  more  clearly  than  ever  before,  the  various  causes  and 
ways  of  heat  loss  are  coming  to  be  recognized.  The  marine  engineer 
of  the  present  day  sees  more  clearly  than  he  did  a  decade  ago  heat 
streaming  away  in  the  condensing  water,  in  all  exliausts  not  returned 
to  a  condenser,  through  the  escape-pipe  whenever  the  safety  valve 
lifts,  by  way  of  the  whistle  whenever  it  is  blown,  through  innumer- 
able steam  and  hot-water  leaks,  continually  by  radiation  to  the  air 
and  by  conduction  to  the  ship  and  thence  to  the  ocean,  by  way  of 
the  funnel  in  the  heat  of  the  waste  gases,  in  unconsumed  carbon 
and  hydro-carbon  gases,  by  way  of  the  ash-chute  in'  unconsumed 
coal,  at  every  bearing  and  rubbing  surface  in  friction,  and,  in  gen- 
eral, at  every  transformation  or  modification  in  the  energy  which  it 
is  his  province  to  develop  and  utilize  for  the  propulsion  of  his  ship. 

The  recognition  of  these  causes  of  heat  loss,  and  the  ever  more 
insistent  demand  for  better  economy  which  has  been  formulated 
during  the  past  decade,  have  been  potent  causes  for  much  of  the  im- 
provement in  detail  in  marine  design  and  installation,  both  in  main 
propelling  machinery  and  in  the  auxiliary  equipment. 

Taking  the  field  of  marine  engineering  at  large,  the  key-note  to 
much  of  the  progress  during  the  past  decade  has  been  economy.  The 
general  demand  for  more  in  the  way  of  achievement,  larger  size, 
higher  speed,  greater  comfort  and  safety,  is,  indeed,  but  an  expression 
of  the  spirit  of  the  age,  and  has  been  paralleled  in  all  other  branches 
of  activity;  but,  in  addition  to  the  demand  for  more  in  quantity, 
there  has  also  been  an  insistent  demand  that  this  shall  all  be  provided 
with  the  minimum  investment  in  terms  of  space,  weight  and  energy. 
This,  again,  represents  no  less  distinctively  the  spirit  of  the  age, 
and  the  demands  for  more  and  at  relatively  lower  expense  give  the 
key  to  the  chief  lines  of  progress  during  the  past  decade,  and  point 
the  way  of  the  lines  of  future  effort  most  likely  to  be  fruitful,  and  to 
accord  with  the  present  spirit  of  human  progress. 
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This  paper  is  a  resume  of  the  improvements  made  in  France  dur- 
ing the  last  few  years  in  the  construction  of  marine  engines  and 
boilers,  and  does  not  go  back  farther  than  1889,  that  is  to  the  time 
of  the  Paris  Universal  Exposition.ft' 

It  is  not  the  writer's  intention  to  treat  of  the  most  recent  inno- 
vation in  the  motive  power  used  in  ship  designing,  that  is  the  steam 
turbine,  nor  of  other  recent  internal  combustion  motors  which,  con- 
fined until  recently  to  pleasure  craft,  are  now  being  used  in  larger 
and  more  important  vessels. 

Nevertheless,  the  writer's  work  covers  rather  a  large  field  for  the 
reason  that,  while  steam  engines,  which  had  attained  a  high  degree 
of  perfection,  have  not  been,  in  these  last  ten  years,  the  subject  of 

*  Ancien  Ing6nieur  de  la  Marine:  Chef  du  Service  Technique  du  Bureau  Veritas. 

t  Ing^nieur  Principal  de  la  Marine:  Professeur  a  Tficole  Nationale  du  G6nie 
Maritime. 

tt  M.  Daymard,  in  an  earlier  paper,  has  stated  the  improvements  made  in  marine  en- 
gineering from  1850  to  1889. 
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important  and  startling  changes,  still  they  have  been  improved  in 
several  details,  the  sum  of  which  constitutes  a  decided  improvement. 
The  same  remark  ap])lies  to  boilers. 

The  necessity,  during  the  last  fifteen  years,  of  increasing  the 
speed  of  warships  and  great  liners  has  compelled  naval  constructors 
to  solve  problems  which  become  more  difficult  every  day,  with  a 
view  to  reducing  the  weight  and  bulk  of  the  machinery  and,  at  the 
same  time,  the  cost  of  fuel. 

As  triple  and  quadruple-expansion  engines  were  already  in  use 
and  were  giving  good  results  with  a  normal  pressure  of  9  to  10  kg., 
the  only  possible  improvement  was  to  adopt  a  higher  initial  pressure 
with  a  larger  expansion.  As  to  the  weight  of,  and  space  occupied 
by  the  machinery,  the  improvenient  must  necessarily  have,  as  a 
consequence,  an  increase  of  the  piston  speed  of  the  engines,  a 
greater  consumption  of  coal  for  the  boilers  and,  for  both,  the  use 
of  stronger  and  more  resistant  materials. 

The  principal  improvements  of  details  which  have  permitted,  in 
a  large  measure,  the  realization  of  these  desiderata  will  be  re- 
viewed. 

Engines. 

Engines  may  be  divided  into  three  principal  classes : 

First. — High-duty  engines  of  great  liners  and  large  warships; 

Second. — Engines  of  steamers  belonging  to  the  cargo-boat  type, 
or  freighters; 

Third. — Engines  of  torpedo-boats,  destroyers  and  small  packets, 
or  mailboats,  designed  for  short  but  very  fast  trips. 

High-Duty  Engines. — One  of  the  first  consequences  of  the  neces- 
sity of  taking  up  less  space  and  of  decreasing  the  weight  was  the 
adoption  of  vertical  engines  on  men-of-war.  Until  a  few  years  ago, 
and  in  spite  of  the  irregular  wearing  of  the  several  pieces,  naval 
constructors  favored  the  horizontal  engines,  owing  to  the  ease  with 
v/hich  the  machinery  could  be  installed  under  the  protected  deck, 
giving,  at  the  same  time,  a  comparatively  long  stroke. 

On  the  other  hand,  vertical  engines  had  been  used  on  merchant 
vessels  for  a  long  time,  and  the  experience  so  obtained  resulted  in 
several  improvements  which  were  applied  to  great  liners  and  men- 
of-war.     In  the  latter,  however,  the  strokes  had  to  be  much  shorter 
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than  in  the  former,  but  greater  revolution  speeds  were  attained, 
and,  on  both  types,  piston  speeds  reached  and  even  went  beyond 
5.10  m.  per  second.  Owing  to  improvements  in  either  the  friction 
surfaces,  the  proportions,  the  grade  of  materials,  or  in  the  care  with 
which  the  lubricating  parts  were  designed,  this  increase  of  speed 
or  of  displacement  of  movable  parts  did  not  entail  any  diminution 
of  safety,  or  any  decrease  of  the  economical  output  of  the  machinery. 

To  the  decrease  of  weight  obtained  by  the  speed  of  the  piston, 
was  added,  in  a  large  proportion,  the  decrease  due  to  the  substitution 
of  cast  steel  for  cast  iron,  not  only  in  stationary  pieces,  but  also  in 
certain  movable  parts,  such  as  the  pistons. 

French  foundries  and  mills  endeavored  to  manufacture  in  the 
best  possible  condition  and  with  the  minimum  sections  and  sizes 
allowed  by  careful  calculations,  all  the  large  pieces,  such  as  founda- 
tion bed-plates,  frames,  platforms,  etc.  This  was  not  done  without 
difficulty,  and  great  care  was  exercised  in  the  design  of  complicated 
castings  in  order  to  avoid  cracks  and,  at  the  same  time,  to  facilitate 
the  cooling  and  contraction  of  the  metal.  Cylinder  heads  and  even 
high-pressure  cylinders  were  made  of  cast  steel,  but  these  latter  are 
still  few  in  number,  owing  to  the  cost  and  rehandling  necessary  to 
correct  defects  and  flaws. 

In  the  construction  of  pistons,  steel  has  superseded  cast  iron 
without  any  difficulty.  The  old  double-wall,  cast-iron  piston  has 
entirely  disappeared  and  has  been  replaced  by  the  wrought  or  cast- 
steel  piston  with  sin^de  wall,  and  conical  in  shape.  There  is  also  a 
tendency  to  make  all  movable  pieces  of  tempered,  medium,  or  even 
hard  steel,  such  as  nickel  steel,  instead  of  soft  steel. 

However,  in  reducing  these  pieces  within  the  limits  permitted 
by  the  use  of  a  more  resistant  material,  care  had  to  be  taken  in  order 
to  avoid  dangerous  elastic  deformations.  One  great  result  was  the 
possibility  of  considerably  reducing  the  brittleness  of  pieces  usually 
made  of  soft  steel. 

The  adoption  of  hollow  shafts  has  also  been  the  means  of  a  re- 
duction in  weight.  All  the  improvements  made  in  the  manu- 
facture of  cast  or  wrought-steel  pieces  are  due  to  the  efforts  of 
French  steel  and  iron  manufacturers  and,  among  the  foremost,  to 
Schneider  and  Company's  Creuzot  works,  to  the  Acieries  de  la 
Marine  of  St.  diamond  and  to  the  Firminy  Forges. 
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In  spite  of  doubling  up  the  low-pressure  cylinders,  and  the 
adoption  of  two  and  even  three  shafts,  the  increase  in  the  size  and 
bulk  of  the  machinery  has  been  such  that  it  has  become  necessary 
to  change  the  system  of  slide  valves. 

On  all  warships  and  almost  all  fast  liners,  the  old  slide  valve, 
with  its  causes  of  deformation  and  wear,  has  been  replaced  by  the 
piston  valve,  naturally  balanced  and  more  easily  taken  apart.  It 
has,  however,  the  disadvantage  of  requiring  more  space,  but  naval 
constructors,  after  studying  the  different  organic  parts  and  the 
piping,  have  succeeded  in  locating  the  piston  valves,  even  the  low- 
pressure  ones,  without  increasing  the  length  of  the  engine  rooms, 
and  in  reducing  all  lost  spaces  and  voids  in  the  same  proportion  as 
was  obtained  with  ordinary  slide  valves. 

It  was  also  sought  to  balance  the  weight  of  the  piston  valves  by 
using  discs  of  different  diameters  so  that  the  pressure  would  tend  to 
push  the  valve,  and  that  the  only  resistance  to  be  overcome  would 
be  that  due  to  friction  and  inertia. 

Control  of  the  steam  valves  has  been  obtained  by  various  develop- 
ments of  the  Stephenson  link  and  also  by  a  system  using  only  one 
eccentric.  After  some  experiments,  it  was  found  possible  to  control 
the  steam  valve  by  a  single  articulated  rod,  doing  away  with  inter- 
mediate transmission  parts  which  were  only  complications  and 
causes  of  danger  and  breakdowns. 

The  link  with  its  two  eccentrics  is  used  principally  when  the 
engine  rooms  ai-e  long  and  narrow  and  the  steam  valves  located  be- 
tween the  cylinders,  as  is  the  case  in  liners.  The  rod  with  but  one 
eccentric  is  preferred  when  the  valves  are  on  one  side,  as  is  the  case 
on  several  warships. 

The  rise  in  temperature,  due  to  ever  increasing  pressures,  as 
well  as  precise  designing  required  by  greater  piston  speeds,  have  led 
to  the  study  of  the  general  framing  of  engines  and  the  precautions 
necessary  in  view  of  expansion. 

Heated  pieces  must  be  free  to  expand  and  dilate  without  dis- 
placing their  axes,  so  that  such  displacements  could  not  be  suf- 
iieiently  corrected  by  reverse  deformations.  On  all  large  engines. 
Ihe  cylinders  are  kept  independent  of  each  other  and  each  is  con- 
nected to  the  frames.  Often  the  frames  carry  a  rigid  platform  made 
of  rolled  or  cast  steel  on  which  tlie  cylinders  are  connected.     This 
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constitutes  the  upper  chord  of  a  beam  or  truss  having  a  very  great 
moment  of  inertia,  and  of  which  the  cohimns  or  frames  make  the 
web  and  the  bed-plate  the  lower  chord. 

The  cylinders  are  connected  by  bolts  passing  through  oval  holes, 
permitting  a  slight  motion  for  expansion.  Sliding  keys,  made  fast 
in  the  connecting  flanges  and  crossing  each  other  along  the  geomet- 
rical axis  of  each  cylinder,  guide  the  displacement,  so  that  the 
position  of  this  axis  remains  fixed. 

Moreover,  the  cylinders  are  connected  in  pairs  by  ties  placed 
transversely  to  the  axes  in  order  that  the  expansion  may  take  place 
on  either  side  of  the  fastenings. 

The  increase  in  the  nuinber  of  piston  strokes  and  in  the  actual 
vt-eight  of  movable  parts  has  increased  the  forces  of  inertia  of  the 
moving  masses,  and  has  led  to  great  accuracy  in  the  calculation  of 
these  forces,  in  order  that  they  may  be  considered  in  the  design  of 
the  pieces,  .as  well  as  in  determining  the  vibrations  which  may  orig- 
inate in  the  machinery  itself  and  be  transmitted,  to  the  hull  of  the 
ship. 

The  causes  of,  and  laws  governing  these  vibrations,  as  well  as 
the  means  available  to  resist  them,  have  been  the  subject  of  careful 
theoretical  and  practical  studies.  For  certain  fast  transatlantic 
liners,  several  solutions  were  submitted  to  calculation  and  experi- 
ment by  means  of  small  models,*  and  resulted  in  adopting  on  those 
vessels  certain  dispositions  which  have  assured  to  their  passengers 
remarkable  conditions  of  comfort. 

Since  then  the  question  of  balancing  the  engines  has  been  studied 
under  different  phases:  the  position  of  the  cylinders;  the  angle  of 
advance  of  the  cranks;  the  use  of  counterweights;  the  equalizing  of 
weights  of  the  various  units,  etc. 

On  warships,  to  avoid  vibrations,  the  engines  have  usually  been 
located  in  the  center  of  the  ship,  upon  some  very  strong  keel  beams. 
In  a  few  special  cases  only,  the  order  of  the  cylinders  has  been 
changed,  and  the  angles  of  advance  made  dissymmetrical. 

Sometimes  the  power  actuating  one  shaft  was  evenly  divided  be- 
tween two  engines,  and  soon  came  the  adoption  of  two  shafts  and 
twin-screws.  It  was  in  France,  the  writer  believes,  on  the  Dupuy- 
de-Lome,  and  after  experiments  made  on  board  La  Carpe,  that  the 

*  Bulletin  de  I'Association  Technique  Maritime,  1898. 
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use  of  three  shafts  and  triple-screws  was  first  introduced  in  battle- 
ships.* 

The  distribution  of  the  total  power  between  several  engines  was 
done  to  limit  the  dimensions  of  the  several  parts  and  the  strains  to 
which  they  were  subjected.  At  the  same  time,  ^t  had  a  decided 
influence  on  decreasing  the  fatigue  of  the  machinery  as  well  as  the 
vibrations  of  the  ship  itself. 

On  board  all  large  ships,  the  circulating  and  air-pumps  were 
detached  from  the .  main  engine  and  run  by  independent  motors. 
The  running  of  the  air-pumps  was  a  very  delicate  question  to  solve 
under  these  conditions,  but  after  patient  investigations  these  en- 
gines were  perfected  so  as  to  run  with  complete  regularity,  even 
without  any  help  from  the  powerful  fly-wheel  of  the  circulating 
pump.  Feed-pumps  were  also  installed  independently,  usually  in 
the  stoke-rooms  under  the  supervision  of  the  chief  stoker. 

Merchant  Vessels  Running  at  Moderate  Speed. — After  the  great 
liners  and  powerful  warships  come  the  freighters,  cargo-boats,  or 
vessels  for  combined  freight  and  passenger  service,  sometimes  called 
demi-paquehots  (half-liners)  in  France,  the  speed  of  which  has  re- 
mained moderate. 

The  question  of  weight  and  bulk  being  set  aside  in  this  instance, 
it  has  been  possible  to  retain  comparatively  redviced  piston  speeds  on 
such  vessels  and,  therefore,  to  avoid  using  costly  materials  of  con- 
struction. Under  these  conditions,  the  saving  in  weight  for  a  given 
power  has  been  only  15  to  20  per  cent.  But,  on  the  other  hand,  the 
aim  has  been  to  increase  the  economical  output  or  capacity  by  more 
careful  workmanship;  by  increasing  the  pressure  and  expansion; 
by  reheating  the  air  required  for  combustion  and  the  feed  water,  etc., 
and  it  has  been  found  possible  to  reduce  the  fuel  consumption  to* 
less  than  0.49  kg.  per  i.  h.  p. 

Torpedo-Boats,  Destroyers,  Small  Steamers. — The  evolution  of 
engine  designing  in  these  ships  has  been  still  more  pronounced  than 
in  the  great  liners  and  large  warships;  the  iise  of  highly  resistant 
metals  has  been  more  general  and  higher  pressures  have  been 
adopted.     The  weight  per  horse  power  (engines,  boilers  and  water) 


*  It  may  be  said  here  that  as  early  as  1865  the  steamships  Washington  and  Lafayette 
•were  equipped  with  twin  shafts  and  screws,  and,  in  1867,  in  French  yards,  3  liners,  Ville 
de  Brent,  Ville  de  Nazaire,  Ville  de  Bordeaux,  were  built  with  twin-screws,  and  wereuery 
successful  as  to  speed  and  comfort  of  passengers. 
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was  in  this  way  reduced  to  16  kg.,  while  the  fuel  consumption 
dropped  to  0.45  kg.  per  h.  p. 

This  very  low  consumption  seemed  at  first  surprising  and  led 
one  to  doubt  the  accuracy  of  the  experiments  made  to  that  effect; 
but  the  same  value  was  obtained  so  many  times  and  so  regularly 
that  it  is  impossible  to  question  its  accuracy.  It  is  due,  in  part,  to 
special  operations,  such  as  the  heating  of  the  feed  water,  and,  in 
part,  to  the  care  exercised  in  studying  the  distribution  of  steam. 
For  instance,  the  sections  of  all  orifices  are  made  quite  large.  To 
that  effect,  the  mean  and  low-pressure  cylinders  retain  the  ordinary 
slide  valves  which  for  the  same  occupied  space  permit  larger  passage- 
ways, and  the  maximum  outside  dimensions  of  which  are  small 
enough  not  to  give  rise  to  the  same  objections  which  caused  them  to 
be  rejected  in  the  large  engines. 

It  is  possible  thus  to  run  with  a  very  small  admission  of  steam 
and  a  high  expansion  without  increasing,  beyond  reason,  the  losses- 
due  to  choking.  To  avoid  the  great  compressions  which  are  to  be 
feared  in  the  usual  distribution  system  and  which  produce  in  the 
cylinders  some  dangerously  high  pressures,  automatic  safety  valves, 
invented  by  M.  Normand,  are  used;  the  steam  can  then  repass  from 
the  cylinder  into  the  steam  chest  as  soon  as  the  pressure  in  the 
cylinder  equals  the  pressure  in  the  steam  chest. 

In  the  engines  of  smaller  vessels,  the  precautions  guarding 
against  vibrations  were  still  more  stringent  than  in  larger  ones. 
The  equalization  of  weight  of  the  units  was  generalized,  and  it  was 
found  advisable  to  attach  the  upper  part  of  the  engines  to  the  deck 
above  by  horizontal  ties.  Moreover,  greater  care  was  exercised  in 
assembling  and  adjusting  the  various  parts,  owing  to  a  decrease  of 
permissible  play  between  them.  Small  defects  which  in  the  past 
could  be  overlooked  cannot  exist  in  the  new  engines.  That  is  why 
these  engines,  however  light  and  rapid  they  are,  are  as  safe  and 
have  the  same  endurance  as  the  engines  which  were  in  use  before 
their  adoption. 

Table  3  gives  a  general  idea  of  the  progress  realized  in  different 
classes  of  engines,  in  weight,  in  space  occupied  and  in  fuel  con- 
sumption. 

All  these  improvements  are  due  to  the  researches  and  to  the 
work  of  several  constructors,  among  whom  may  be  mentioned,  MM. 
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Normand  and  Company  of  Havre,  the  Forges  et  Chantiers  de  la 
Mediterranee,  the  shops  and.  yards  of  the  Loire  and  those  of  the 
Compagnie  Generale  Trans atlantique  (Penhoet).  The  National 
Yard  of  Indret,  from  which  have  come  several  happy  innovations, 
must  not  be  forgotten. 

TABLE  3. 


Reduction  of  coal 
cons  u  m  p  1 1  o  n 
per  horse-power 
hour 

Reduction  of 
total  weight  of 
engines,  boilers, 
water 

Reduction  of 
horizontal  area 
per  horse  power 

Speed  


to  t>,® 
ftp  M 


■33  ?fi  £  M  '5j 


1  High         From       1       to 
I       duty.        0.740  kg.         F  r  o  m  9.950  From 0.700 to 
Average  From   0.750   to     to  0.770  kg.  I    0.490  kg 
duty.        0.600  kg. 


High 
duty. 

High 
duty . 


High 
duty. 


From  160  to  100  From    250  to 
kg.  I     150  kg. 


From  0.080   to 
0.055  sq.  m. 


19  to  23  knots. 


From  0.080  to 
0.050  sq.  m. 


18      to 
knots. 


22.5 


From  250  to 
280  kg. 

From  0.100  to 
0.085  sq.  m. 


11      to 
knots. 


12.5 


c3  ?3  03 
O  jj  D 

alls 


f  From  0.775  to 

;      0.650  kg 
1  From  0.600  to 
I.     0.450  kg. 

From   34  to  16 
kg. 

From   0.040  to 
0.020  sq.  m. 

f  T  o  r  p  e  d  o  - 
I      boats,  21  to 
-I      28  knots. 
I  Destroyers,20 
I,     to  33  knots. 


Boilers. 

During  the  last  fifteen  years  niimerous  radical  changes  and  im- 
provements have  been  made  in  the  manufacture  of  marine  boilers. 
The  characteristic  of  this  evolution  has  been  the  almost  general 
adoption  of  water-tube  boilers  on  warships  and  their  partial  intro- 
duction in  merchantmen. 

However,  it  must  be  said  here  that  the  old  tyi^e,  almost  classical 
for  thirty  years  or  so,  of  cylindrical  return  flue  boilers  did  not  re- 
main stationary,  and  that  is  why  it  has  been  and  is  still  used  in  the 
merchant  service. 

With  better  tools  at  hand,  with  better  workmanship  and  with 
the  use  of  steel  plates  more  resistant  to  shells,  these  boilers  have 
been  so  improved  that  the  pressure  may  be  raised  to  15  kg.  with  a 
diameter  of  5  m.  without  danger  of  accidents  or  of  leakage,  which 
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were  so  freciuent  in  the  past,  even  with  lower  pressures  and  smaller 
diameters. 

The  grates,  which  are  the  parts  subjected  to  the  most  wear,  have 
been  improved  so  that  they  may  be  easily  renewed,  lengthening 
thereby  the  life  of  the  boilers  and  postponing  the  date  of  their  re- 
newal, an  operation  always  costly. 

A  forced  draft  generated  in  air-tight  fire-boxes  improves  the 
efficiency,  increases  the  rate  of  combustion,  and,  at  the  same  time, 
is  a  saving  of  space  and  weight.* 

In  the  na-s^,  before  the  adoption  of  the  water-tube  boilers,  sev- 
eral tests  were  made  to  obtain  light  and  comparatively  small  boilers, 
especially  in  torpedo-boats. 

Knowing  that  the  weight  per  horse  power  varies  nearly  inversely 
as  the  rate  of  combustion  (weight  of  coal  consumed  per  hour  and 
per  square  meter  of  grate  area),  boilers,  similar  to  locomotive 
boilers,  giving  a  very  high  combustion  were  first  tried.  Unfortu- 
nately, locomotive  boilers,  which  usually  woi-k  only  for  short  periods, 
did  not  have  the  required  endurance,  and  the  reverse  of  what  was 
expected  did  happen. 

The  changes  necessary  in  this  type  (shortening  of  tubes,  raising 
of  the  fire-boxes,  etc.)  were  so  many  causes  of  loss  of  elasticity  and 
increased  the  danger  of  breakdowns  and  deterioration  in  severe 
tests.  The  forced  draft  in  the  air-tight  room  caused  undue  strains 
and  fatigue  in  the  tubes  when  the  fire-box  was  opened.  And  not- 
withstanding the  fact  that  some  constructors  have  succeeded  in 
building  boilers  of  the  locomotive  type  running  well  enough  at 
300  kg.  per  hour  and  per  meter  of  grate,  the  firing  required  such  care 
and  so  many  precautions  that  these  results  could  hardly  be  con- 
sidered as  practical. 

It  is  in  another  direction  that  the  solution  of  this  question  was 
found  as  regards  torpedo-boats  and  destroyers.  This  problem  was 
solved  by  the  adoption  of  water-tube  boilers  known  as  small  tube 
boilers  patterned  after  the  type  invented  by  Captain  Temple,  the 
first  application  of  which  to  torpedo  craft  was  made  in  1884  on 
Torpedo-Boat  No.  20. 


*  As  early  as  I8~»i.  M.  Audenet  was  granted  a  patent,  prior  to  Mr.  Howden'.',  or  at  any 
rate,  without  knowledge  of  the  work  of  Howdeu.  But  owing  to  a  lack  of  applications, 
this  idea  did  not  progress  rapidly  in  France. 

On  the  contrary,  the  Howden  system,  which  besides  the  forced  draft  has  also  a 
special  arrangement  for  heatin?  the  air,  was  used  in  several  instances  and  improved 
with  experience,  so  that,  in  France,  the  Howden  system  has  been  adopted. 
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These  boilers  are  much  lighter  than  the  locomotive  boilers,  and, 
their  grate  area  being  relatively  greater,  the  rate  of  combustion  for 
the  same  power  can  be  reduced.* 

Several  trials  were  made  in  France  and  in  other  covxntries.  The 
best  known  are  those  made  by  M.  Normand,  who,  while  giving  all 
due  credit  for  the  success  of  his  first  torpedo-boats  to  Commander 
Temple's  invention,  made  so  many  improvements  that  his  name  has 
been  justly  given  to  the  type  of  boilers  used  afterward.  The  trials 
made  by  Torpedo-Boat  'No.  180  in  1890,  by  the  Forlan  in  1896  and 
U Arhalete  in  1903  show  the  various  stages  of  the  progress  made 
by  M.  Normand. 

M.  Guyot,  working  independently,  patented  various  dispositions 
somewhat  similar  to  those  of  M.  JSTormand,  and  the  Societe  du 
Temple,  with  Guyot's  patent  rights,  has  also  made  several  improve- 
ments of  details. 

M.  Sigaudy,  in  collaboration  with  J\I.  Normand,  has  combined  a 
double-faced  battery  in  a  manner  very  advantageous  for  high  duty. 

In  these  boilers  there  were  two  serious  obstacles  to  rapid  and 
efficient  combustion:  one  was  the  tendency  of  steam  pockets  to 
form  in  sharp  turns  and  elbows  of  the  tubes,  and  the  poor  circula- 
tion of  the  hot  gases,  due  to  lack  of  proper  direction. 

To  overcome  these  difficulties,  the  tubes  were  made  as  nearly 
vertical  and  straight  as  possible,  keeping,  of  course,  the  curves 
necessary  for  expansion;  the  inside  diameter  was  increased  to  about 
34  mm.,  and  the  thickness  to  2i  and  even  3  mm.  Lastly,  it  was  de- 
cided to  guide  the  flames  and  currents  of  gas  by  coils  of  tubes,  so 
joined  as  to  force  them  to  follow  a  sinuous  path  properly  traced. 

This  last  arrangement  has  improved  the  circulation  of  hot  gases 
and  caused  the  almost  complete  absorption  of  their  heat  by  the  series 
of  tubes.  This  has  been  still  further  improved  by  using  polyfaced 
tubes  with  which  the  surface  of  contact  is  greater  than  with  or- 
dinary tubes;  there  is  also  a  better  imperviousness  to  gases,  irre- 
spective of  the  irregularities  of  the  firing. 

After  changing  the  shape  of  the  collectors  from  a  rectangle  to  a 

*  Let  us  recall  here  that  it  was  while  experimenting:  on  dirigible  airships  that  Com- 
mander Temple,  in  1875,  built  his  first  boiler,  and  that  his  system  consists  in  the 
automatic  circulation  of  water  obtained  by  exposing  t.)  the  action  of  the  gases  of  com- 
bustion a  series  of  small  tubes  (inside  diameter,  20  mm. ^  in  which  steam  is  generated, 
and  by  placing,  outside  of  the  gaseous  current,  larger  tubes  through  which  the  water 
carried  to  an  upper  reservoir  reverts  to  other  lower  reservoirs,  t  >  be  sent  again  through 
the  series  of  tubes  and  be  partly  vaporized. 
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cylinder,  care  was  taken  to  improve  the  connections  of  the  tubes  to 
the  collectors  by  making  them  perfectly  water-tight,  by  improving 
the  method  of  assembling,  connecting  and  disconnecting. 

It  is  by  constant  labor  and  unceasing  work  that  the  small  water- 
tube  boilers  have  been  improved  to  the  high  degree  of  efficiency  which 
they  possess  at  present,  and  which  allows  torpedo-boats  and  de- 
stroyers to  attain  normally  a  combustion  rate  of  over  300  kg.  with 
satisfactory  results. 

In  regard  to  boilers  for  large  ships,  the  conditions  were  not 
quite  the  same.  In  this  case,  very  light  boilers  were  not  as  essential 
as  they  were  on  torpedo-boats,  and  it  was  more  a  question  of  saving 
of  space  that  led  to  the  abandonment  of  the  cylindrical  return  flue 
boiler,  the  diameter  of  which  necessarily  increasing  with  the  power 
of  the  engines  could  no  longer  be  located  under  the  armored  deck 
of  certain  cruisers  and  battleships.  For  this  type  was  then  sub- 
stituted the  cylindrical  boiler  with  direct  firing,  in  which  it  was 
sought  to  save  weight  by  increasing  the  rate  of  combustion  by  a 
forced  draft  in  an  air-tight  chamber. 

The  results  were  very  poor.  These  boilers,  being  rather  delicate, 
broke  down  repeatedly  under  the  action  of  intense  firings,  for  the 
same  reasons  that  had  attended  the  unsuccessful  introduction  of  the 
locomotive  boiler  in  torpedo-boats.  Mechanical  forced  draft  was 
then  held  responsible  for  this  failure,  and,  under  pressure  of  this 
opinion,  the  Xavy  Department  suddenly  abandoned  this  mechanical 
draft  and  adopted  water-tube  boilers  which  with  a  relatively  larger 
grate  area  permitted  a  proportionate  reduction  in  the  rate  of  com- 
bustion. 

It  was  then  found  that,  with  a  rate  of  150  kg.  obtained  by  a 
natural  draft,  it  was  possible  to  obtain  the  same  results  as  with 
cylindrical  boilers  running  at  300  kg. 

Notwithstanding  the  fears  and  objections  entertained  by  many 
regarding  water-tube  boilers  when  used  as  marine  boilers,  they  were 
installed  on  every  ship  in  the  navy.  And  this  change  has  been  a 
decided  success,  since  that  time,  with  the  exception  of  some  minor 
accidents,  all  serious  breakdowns  having  disappeared. 

When  the  Navy  Department  decided  upon  this  change,  the  num- 
ber of  water-tube  boilers  used  on  the  fleet  was  very  small, 

Belleville  Boilers. — These  boilers,  the  first  adopted,  had  been  in 
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service  some  forty  years.  They  had  been  tried  on  several  small  and 
average-sized  boats.  They  were  satisfactory  as  to  weight  and  easily 
put  under  pressure,  but,  in  constant  use,  they  developed  several  de- 
fects in  regard  to  feeding,  circulation,  leaks  and  wearing  of  the 
tubes  and  collectors.  Always  undaunted,  M.  Belleville  found  a 
solution  to  each  difficulty;  he  invented  some  automatic  regulators, 
feed-water  purifiers,  expansion  traps,  etc.  At  each  stage,  if  the 
success  was  not  complete,  there  was  at  least  a  decided  improvement. 

In  1885  or  thereabouts  some  trials  made  on  board  the  despatch 
boat,  VoUigeur,  were  so  satisfactory  as  to  warrant  a  report  being 
made  in  favor  of  the  Belleville  boilers,  which  were  soon  afterward 
brought  to  public  notice  by  trials  made  on  a  larger  scale  on  board 
some  liners  of  the  Messageries  Maritimes. 

The  navies  of  France,  Great  Britain  and  some  other  countries 
then  equipped  a  relatively  large  number  of  their  large  ships  with 
these  boilers,  which  were  still  further  improved  by  the  substitution 
of  cast  and  pressed  steel  for  cast  iron  and  by  the  adoption  of  the 
Serve  tubes  in  the  lower  rows. 

An  important  modification  consisted  in  dividing  the  boilers  into 
two  parts:  the  steam  generator,  so-called,  and  the  feed-water  heater 
or  economizer,  separated  from  each  other  by  a  combustion  chamber 
receiving  injections  of  air  and  preventing  the  burning  of  the  gases 
in  the  chimney. 

This  arrangement  has  given  some  very  good  results  on  land,  and 
seems  to  have  been  as  successful  on  board  ships. 

At  any  rate  the  Belleville  boilers,  such  as  they  are  to-day,  have 
proven  in  numerous  applications,  and  especially  in  the  British 
Navy,  where  they  were  submitted  to  some  very  severe  tests,  that 
they  were  particularly  well  adapted  to  the  requirements  of  warships. 
Some  of  the  newest  and  heaviest  warships  of  the  French  Navy,  now 
building  in  the  yards,  will  be  equipped  with  Belleville  boilers. 

Lagrafel  and  Allesi  Boilers. — Next  to  the  Belleville  boilers,  the 
water-tube  boilers  vised  for  the  longest  time  on  large  ships  in  the 
French  Navy  are  those  of  Lagrafel  and  Allest.* 

After  passing  several  official  tests  and  trials  showing  their  good 
(lualities  and  capacity,  they  were  placed  on  board  of  not  less  than 
twenty  men-of-war,  from  the  Bombs,  where  they  took  the  place  of 

♦These  boilers,  patented  in  1888,  were  an  evolution  of  the  Barret  and  Lagrafel  boiler 
dating  from  1870. 
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locomotive  boilers,  to  the  Guichen  of  2  500  h.  p.  They  were  in 
almost  every  case  the  subject  of  favorable  reports  attesting  their 
endurance  and  their  easy  maintenance. 

This  type  attained  almost  at  once  this  high  degree  of  efficiency, 
and  the  only  improvements  worth  mentioning  were  the  steam  clean- 
ing of  flues,  the  fastening  and  expansion  of  tubes  to  headers,  and  the 
use  of  special  tubes  in  the  lower  rows. 

Unfortunately  certain  brealvdowns  and  a  grave  accident  on  board 
the  Jaureguiberry  induced  the  Navy  Department  to  abandon,  per- 
haps a  little  hurriedly,  this  tj^pe  of  boiler.  Nevertheless,  they  have 
been  satisfactorily  used  in  several  foreign  warships,  in  the  fleet  of 
the  Fraissinet  Company  and  on  the  two  well-known  packets  of  the 
Calais-Dover  line,  the  Nord  and  Pas-de-Calais. 

Niclausse  Boilers. — These  boilers,  which  have  taken  such  a 
prominent  place  in  the  principal  navies  of  the  world,  were  not  used 
on  large  ships  until  1804.  They  were  put  on  board  the  Friant  at 
that  time  and  gave  such  good  results  for  the  following  three  years 
that  they  were  rapidly  installed  on  several  ships,  and  some  of  the 
most  recent  French  battleships  have  been  equipped  with  these 
boilers. 

Some  important  improvements  have  been  made.  The  tubes 
which  were  originally  made  in  two  pieces  are  now  made  in  one;  the 
uptakes  or  collectors  are  made  of  pressed  steel  instead  of  malleable 
iron;  other  changes  have  improved  the  circulation  and  facilitated 
the  taking  apart.  Thirty-two  French  warships  are  now  equipped  • 
with  Niclausse  boilers  and  among  them  is  the  Conde  of  21  000  h,  p., 
which  has  just  passed  successfully  through  a  trial  test  lasting  four 
days. 

Small  Tube  Boilers. — In  1896,  after  being  successfully  used  on 
board  torpedo-boats,  the  small  tube  boilers  of  the  Temple  tj-pe  were 
tried  on  board  some  battleships,  particularly  on  board  the  Chateau- 
Renault,  the  Montcalm  and  the  Jeanne  d'Arc.  Although  results 
show  that  there  is  yet  room  for  improvement,  it  is  safe  to  predict 
that  in  the  future  this  type  of  boiler  will  be  extensively  used  on  the 
different  classes  of  warships. 

In  all  the  trials  and  practical  applications  of  water-tube  boilers 
in  warships,  it  has  been  found  that  they  are  peculiarly  well  adapted 
to  naval  tactics,  and  that  their  rather  low  water  capacity,  which  at 
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first  gave  rise  to  fears  as  to  safety,  is  now  considered  a  fundamental 
desideratum  of  the  elasticity  and  perfection  of  running  and  working 
so  necessary  in  the  evolutions  of  a  warship. 

The  mixed  system  advocating  partly  the  use  of  ordinary  tubular 
boilers  and  partly  the  use  of  water-tube  boilers  has  not  found  any 
supporters  in  France. 

The  success  of  water-tube  boilers  has  been  the  reason  for  the 
construction  everywhere,  but  particularly  in  France,  of  boilers 
evolved  from  or  improved  upon  the  prototypes  already  in  use.  Such 
are  the  Montupet,  the  Turgan  and  Foy,  the  de  Dion  and  Bouton, 
the  Duchesne,  the  Solignac  and  Grille  boilers,  etc.,  which  have  al- 
ready been  used  on  land,  but  have  not  yet  been  tried  enough  at  sea 
to  warrant  their  adoption  as  marine  boilers. 

Water-Tuhe  Boilers  on  Board  Merchant  Vessels. — In  the  mer- 
chant service,  the  return  flue  tubular  boiler  is  still  used  on  account 
of  its  peculiar  qualities;  water-tube  boilers,  however,  are  beginning 
to  be  introduced.  In  France,  besides  several  minor  instances,  some 
large  liners  of  the  Messageries  Maritimes  have  been  equipped  with 
Belleville  boilers;  the  vessels  of  the  company  carrying  the  mail  be- 
tween France  and  Corsica  have  been  equipped  with  Niclausse  boilers. 
The  Compagnie  Generale  Transatlantique,  anxious  to  ascertain  the 
advantages  and  the  drawbacks  of  water-tube  boilers,  has  equipped 
two  of  its  vessels,  one  with  Belleville  boilers  and  the  other  with 
Niclausse  boilers. 

Trials  made  also  on  a  large  scale  in  foreign  countries  will 
doubtless  further  the  adoption  of  water-tube  boilers  for  the  merchant 
service,  and,  especially,  for  the  great  liners.  The  results  of  experi- 
ence as  well  as  the  first  cost  and  maintenance  will  decide  the  choice 
between  the  different  types. 

Piping. 

The  elevation  of  pressure  has  caused  great  difficulties  in  the 
piping.  After  several  accidents,  it  was  decided  to  abandon,  in  all 
main  steam  collectors,  the  system  of  elbow  expansion  for  high  steam 
temperatures.  This  system  is  only  used  with  safety  now  for  small 
diameters  (under  100  mm.).  Above  this,  the  tubes  are  divided  into 
straight  sections,  and  the  expansion  is  taken  care  of  by  means  of 
sliding  or  slip  joints. 
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The  fault  of  these  joints  is  that  the  internal  pressure  tends  to 
push  the  tubes  apart  and  is  thrown  back  against  the  supports  which 
must  necessarily  be  strengthened.  This  difficulty  is  overcome  when 
it  is  possible  to  cross  at  right  angles  the  consecutive  sections;  one  of 
the  tubes  is  then  closed  at  its  extremity  and  pierced  laterally  with 
orifices  through  which  the  steam  passes.  Around  this  intake  passes 
the  other  tube  which  is  traversed  by  the  first  tube  through  two 
]Tacking  glands.  The  two  tubes  are  then  free  to  slide  independently 
of  each  other,  and  the  pressure  is  not  transmitted  to  the  supports. 
The  use  of  this  sliding  joint  has  become  quite  general  in  the  last 
few  years. 

Moreover,  there  is  a  tendency  to  replace  all  copper  pipes  by  steel 
pipes.  In  the  French  Xa^^,  this  is  the  rule  for  all  diameters  greater 
than  100  mm.  This  gives  greater  strength  and  resistance,  especially 
at  the  connections  of  the  flanges  which  are  always  so  many  weak 
joints  in  copper  pipes. 

The  danger  of  oxidization  seems  to  have  been  overcome  with 
some  precautions  and  with  the  use  of  special  steels.  At  any  rate 
since  the  substitution  of  steel  for  copper  in  pipes,  the  repairs  and 
accidents,  so  frequent  heretofore,  have  become  very  rare. 

Miscellaneous  Apparatus. 

Since  the  introduction  of  high  pressures,  the  boilers  can  only 
work  with  perfectly  fresh  \\ater,  and,  therefore,  distilling  machinery 
has  become  quite  an  important  factor.  The  aim  has  been  to  increase 
the  output  and  to  facilitate  cleaning.  This  has  been  obtained  by 
guiding  the  circiilation  of  salt  water  by  means  of  screens  and  in 
grouping  the  heating  areas  in  series  easily  taken  apart. 

The  best  models  are  those  manufactured  by  Mouraille,  by  the 
Societe  de  Constructions  Navales  (fornierlj^  Etablissements  Satre) 
and  by  MM.  de  la  Brosse  and  Fouclip. 

These  apparatus  are  often  coupled  in  tandem  in  order  to  run 
singly  or  in  pairs.  The  triple  action  has  been  abandoned  as  being- 
too  complicated. 

The  heating  of  the  feed-water,  which  is  used  more  and  more  on 
merchant  vessels,  has  not  yet  been  generally  adopted  on  large  war- 
ships; on  the  other  hand,  it  has  been  successfully  used  on  torpedo- 
boats  by  means  of  a  special  design  due  to  ]\r.  Normand. 
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To  avoid  the  passage  of  oil  and  gi-easy  matters  into  the  boilers 
where  they  are  so  detrimental,  especially  when  subject  to  high  press- 
ures, a  system  of  filters  or  ])urifiei's  has  been  installed  either  in  the 
tank  as  with  Normand's  filter,  or  in  the  feed  current  as  in  the 
models  made  in  the  shops  of  Penhoet  and  in  those  of  the  Societe  de 
Constructions  iS<^avales. 

Lastly,  French  constructors,  and  particularly  MM.  de  la  Brosse 
and  Fouche,  have  endeavored  to  improve  the  steam  superheaters, 
thus  increasing  the  capacity  and  efficiency  of  the  boilers. 

Propellers. 

The  growing  adoption  of  twin-screws  in  warships  and  merchant 
vessels  and  of  triple-screws  in  men-of-war  has  already  been  men- 
tioned. 

In  regard  to  the  design  and  proportions  of  the  various  j)arts  of 
propellers,  no  special  studies  have  been  made  in  France  during  the 
last  fifteen  years.  Nevertheless,  the  outline  of  screws  has  been  more 
or  less  modified  by  data  obtained  by  experiments  and  sometimes  by 
theoretical  considerations.  It  has  been  recognized  that  the  rules  to 
be  followed  should  take  into  consideration  the  differences  in  the 
types  of  vessels  and  m  their  motors  and  to  find  whether  the  pro- 
peller best  adapted  to  a  certain  type  in  a  smooth  sea  was  as  good 
in  rough  weather. 

The  best  average  pitch  and  its  most  advantageous  repartition  in 
practice  has  been  established  by  experiments. 

To  lessen  the  resistance  to  rotation,  the  cutting  or  entering  edges 
wei'e  thinned  out;  the  thiclcness  of  the  metal  being  increased  rather 
at  the  other  end,  and  otherwise  around  the  hub,  it  was  distributed 
between  the  suction  face  and  the  ])ropulsive  face.  The  use  of  highly 
resistant  bronze  on  fast  vessels  and  the  substitution  of  bronze  for 
cast  iron  on  several  merchant  vessels  of  moderate  speed  have  also 
been  iinprovements  in  the  construction  of  propellers. 

The  shape  of  a  saber  blade  has  been  used  often  in  order  to  lessen 
the  vibrations.  P>lades  inclined  toward  the  rear  have  also  been 
adopted,  and  experiments  have  been  made  with  variable  pitch  length- 
wise; but  nothing  certain  has  yet  been  discovered  in  that  respect, 
for  sometimes  it  was  found  convenient  to  increase  the  pitch  and 
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sometimes  it  was  found  best  to  decrease  it  in  the  direction  of  the 
axis  to  the  tips  of  the  blades. 

Some  engineers  have  adhered  to  the  design  of  screws  which 
makes  the  pitch  somewhat  smaller  at  the  entrance  than  at  the  exit, 
even  if  it  were  only  not  to  have  the  reverse  in  the  casting.  It  was 
also  sought  to  obtain  a  very  regular  back  surface,  presenting  an 
almost  constant  pitch  toward  the  entrance.  Some  such  screws  put 
on  the  ships  of  the  Compagnie  Genevale  Transatlantique  and  with 
a  blade  angle  of  9°  to  15°,  inclined  toward  the  rear,  have  given  very 
good  results. 

For  torpedo-boats  and  destroyers,  M.  Norniand,  guided  by  a 
long  and  enlightened  practice,  has  designed  some  propellers  which 
have  given  remarkable  results,  as,  for  instance,  those  on  the  Forhan, 
I'Arhalete,  etc. 

Among  the  tools  let  us  mention  a  special  machine  installed  in 
the  shops  of  the  Loire  by  IM.  Boulogne.  It  consists  of  an  emery 
wheel,  the  axis  of  which,  movinted  on  universal  joints,  can  move 
freely  in  all  directions  alwve  the  propeller;  this  arrangement  per- 
mits the  con-ection  and  machining  the  faces  of  the  blades  so  that 
the  same  mathematical  exactness  can  be  expected  as  is  required  on 
the  plans. 

With  these  improvements  made  in  experiments  or  in  the  techni- 
cal construction  of  propellers,  the  question  of  screws  has  been,  in 
France,  the  subject  of  interesting  theoretical  investigations;  a  few 
of  them  will  be  mentioned  in  chronological  order: 

In  1S89,  M.  Doyere  studied  the  function  called  by  him  the 
"effective  surface"  of  the  propeller,  the  consideration  of  which 
enabled  him  to  establish  an  empirical  formula  giving,  with  a  certain 

F 

precision,  the  value,  ^^.     He  also  treated    tlie    (jiiestion   ot    nuiltiple 

screws  actuated  by  the  same  shaft. 

In  1892,  M.  Drzewiecki  showed  the  influence  of  the  angle  of 
attack  upon  the  efficiency,  and  recommended  the  adoption  of  pro- 
pellers with  constant  angles  of  attack. 

In  1893,  M.  Norm  and  called  attention,  for  the  first  time,  to  the 
rupture  of  water  cylinders  in  motion,  the  phenomenon  known  and 
studied  later  under  the  name  of  "cavitation";  afterward  he  domon- 
stratod  the  necessity  of  ubtniiiinjz-  :i   larue  propulsive  area  and  gave 
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a  formula  as  a  guide  in  the  determination  of  the  necessary  mini- 
mum. 

In  1895,  a  paper  read  before  the  Association  Technique  Mari- 
time showed  analytically  the  geometrical  result  of  the  rotation  of 
the  blade  of  a  propeller  around  its  hub  and  brought  forward  the 
advantages  that  could  be  derived  therefrom. 

In  1896,  M.  Piaud  presented  to  the  same  Society  a  paper  on  pro- 
pellers set  in  recesses  applied  to  light-draft  vessels. 

In  1900,  M.  Rateau,  in  a  masterful  study,  gave  a  general  theory 
which  threw  more  light  on  certain  phenomena  hitherto  uncertain, 
siich  as  the  influence  of  the  back  of  the  screw,  of  the  thickness  and 
section  of  the  blades,  etc. 

Since,  some  interesting  papers  by  MM.  Delaporte,  Brosser  and 
Alheilig  have  added  their  quota  to  these  valuable  researches. 

Propellers  of  Autohoats. — -Withoiit  infringing  upon  the  question 
of  internal  combustion  engines  and  reverting  to  the  experimental 
side  of  the  question  of  propellers,  which  side  must  perforce  be  the 
most  important,  in  closing  this  paper,  mention  must  be  made  of 
the  propellers  of  autohoats,  the  evolution  of  which  has  been  so  sudden 
and  so  important. 

These  small  boats,  equipped  with  explosion  motors,  have  pro- 
pellers which  can  be  replaced  so  easily  and  at  such  little  cost  that 
we  may  hope  to  gather  from  these  experiments,  in  a  near  future, 
some  important  data  that  will  certainly  help  to  improve  the  design 
and  construction  of  propellers  in  general. 
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W.  Carlile  Wallace,  Assoc.  M.  Inst.  C.  E.,  New  York  City. —  Mr.  Wallace. 
Those  who  go  down  to  the  sea  in  ships  all  know  that  the  human 
stoker  is  a  most  uixreliable  machine,  and  he  is  one  of  the  greatest 
difficulties  with  which  the  engineer  staff  has  to  deal.  For  this 
reason  the  introduction  of  a  satisfactory  mechanical  stoker  at  sea 
would  be  one  of  the  greatest  possible  boons,  both  to  those  immedi- 
ately connected  with  the  working  of  the  vessel,  and  also  to  the 
owners.  So  far,  the  application  of  mechanical  stoking  to  marine 
work  has  been  almost  exclusively  restricted  to  vessels  on  the  Great 
Lakes. 

In  1903,  the  speaker  had  the  pleasure  of  taking  a  three-days' 
trip  in  a  vessel  .fitted  with  chain-grate  stokers  applied  to  Babcock 
boilers.  From  a  mechanical  point  of  view,  the  working  of  these 
stokers  seemed  to  be  fairly  satisfactory,  and  the  absence  of  smoke 
was  a  most  marked  feature  of  the  installation.  On  the  other  hand, 
observation  led  the  speaker  to  believe  that  this  latter  advantage  was 
obtained  by  the  admission  of  an  excess  of  air  to  the  fire  which  mili- 
tated  very   much   against   the   economical   working   of   the   boiler. 

On  the  Lake  steamers,  ordinary  coal  is  used,  the  large  lumps 
being  broken  into  small  pieces.  The  grates  are  of  the  endless 
chain  type,  and  the  fuel  is  fed  into  a  hopper  above  the  chain. 

Personally,  the  speaker  has  had  considerable  experience  with  the 
use  of  the  sprinkling  stoker,  as  applied  to  the  Scotch  type  of  boiler. 
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Mr.  Wallace,  and  believes  that  the  application  of  this  type  of  stoker  would  be  at- 
tended with  much  more  economy,  and  that  except,  possibly,  in  most 
exceptional  weather,  the  motion  of  the  vessel  would  not  affect  the 
sprinkling  action ;  in  fact,  the  makers  of  one  type  of  sprinkler  stoker 
have  fitted  it  in  a  steam  yacht,  and  positively  assert  that  it  gave  no 
trouble  on  this  score. 

One  of  the  greatest  difficulties  hitherto  in  the  use  of  mechanical 
stokers  is  the  excessive  amount  of  repairs.  "When  this  is  overcome, 
there  is  no  question  that  there  is  an  immense  field  for  the  use  of  the 
mechanical  stoker  at  sea. 

The  speaker  is  pleased  to  note  that  Professor  Durand  speaks  so 
favorably  of  the  Ellis  and  Eaves  induced  draft  system.  For  eight 
years,  he  has  had  principal  charge  of  that  department  for  Messrs. 
John  Brown  &  Co.,  Sheffield,  England,  and  recently  the  point  has 
been  reached  where  the  cost  of  installing  this  system  is  very  little 
more  than  the  Howden  draft.  One  of  the  principal  difficulties  in 
induced  draft  is  that,  owing  to  the  high  temperature  of  the  gases  to 
be  dealt  with  by  the  fans,  the  latter  must  be  of  large  diameter,  if 
they  are  to  be  driven  direct  by  an  engine.  This  objection  only 
applies  to  small  installations  where  the  volume  of  gases  to  be  dealt 
with  is  small,  but  in  large  installations,  when  a  number  of  boilers 
can  be  so  connected  that  one  fan  has  to  handle  a  large  grate  surface, 
the  diameter  of  the  fan  necessary  to  deal  with  the  volume  is  always 
sufficient  to  give  the  required  water  gauge  with  an  engine  speed  not 
exceeding  300  rev.  per  min. 

With  regard  to  Professor  Durand's  remarks  on  oil  burning,  the 
speaker  confirms  all  that  is  said  under  the  head  of  "Advantages," 
as  they  agree  very  closely  with  his  own  experience  which  was  gained 
while  conducting  a  most  exhaustive  series  of  tests  to  ascertain  the 
most  advantageous  method  of  applying  the  Ellis  and  Eaves  system 
of  induced  draft  to  the  burning  of  oil.  These  tests  all  showed  a 
most  distinct  gain  in  economy  with  oil  fuel  by  using  an  air  supply 
heated  to  about  300°  fahr.  It  also  allowed  a  much  larger  quantity 
of  oil  to  be  burned  without  the  production  of  smoke  in  a  given  cubic 
capacity  of  furnace,  Avhich  is  a  most  important  factor  when  forcing 
a  boiler.  With  oil  having  a  heat  value  of  18  490,  the  evaporation 
was  16.1  lb.  of  water  per  pound  of  oil  from  and  at  212°  fahr.,  being 
an  evaporative  efficiency  of  84  per  cent.  With  a  Scotch  boiler,  hav- 
ing two  furnaces,  3  ft.  9  in.  in  diameter,  it  was  possible  to  evap- 
orate 9  500  lb.  of  water  per  furnace  from  and  at  212°  fahr.,  or  an 
equivalent  of  about  600  i.  h.  p.  on  a  marine  engine,  this  absolutely 
without  a  sign  of  smoke.  This  is  fully  30%  more  than  would  have 
been  possible  with  coal  of  the  best  quality. 

All  attempts  to  burn  the  same  quantity  of  oil  with  cold  air  re- 
sulted in  the  production  of  the  blackest  possible  smoke.     Oil  soot 


DISCUSSION"    ON    MARINE    ENGINEKBING.  268 

is  highly  inflammable,  containing  moro  than  double  the  volatile  Mr.  Wallace, 
matter  in  ordinary  coal  soot,  and,  if  allowed  to  collect  to  any 
extent  in  the  uptakes,  disastrous  fires  may  result.  To  prove  that 
fires  of  this  kind  were  due  to  the  formation  of  smoke  and  subsequent 
deposit  of  soot,  the  boiler  in  question  was  run  for  five  days,  night 
and  day,  without  ever  showing  a  sign  of  smoke  at  the  chimney, 
with  the  result  that,  at  the  end  of  that  time,  the  surfaces  of  uptake 
and  chimney  were  just  as  free  from  soot  as  when  the  trial  started. 
The  back  of  the  combustion  chambers  was  not  protected  by  brick 
lining,  but  a  block  or  pedestal  of  firebrick  was  placed  in  the  center 
of  the  furnace  against  which  the  flames  of  the  oil  burners  were  pro- 
jected, thus  breaking  up  the  flame  and  throwing  out  the  heat  against 
the  sides  of  the  furnace. 

No  hanging  bridges  were  used,  they  were  not  found  necessary. 
Naturally,  it  was  not  possible  to  maintain  a  mean  evaporation  of 
16  lb.  of  water  per  pound  of  oil  during  the  whole  five  days,  so  the 
speaker  quite  agrees  with  Professor  Durand  in  his  estimate  that 
14  lb.  of  water  per  pound  of  good  oil  may  be  taken  as  a  fair  average. 
On  the  other  hand,  the  consumption  of  steam  ixsed  in  atomizing 
tends  to  reduce  the  value  of  the  above  estimate,  and  if  compressed 
air  is  used,  the  power  to  produce  same  may  be  taken  at  fully  5% 
of  the  value  of  the  steam  produced. 

Although  the  actual  evaporative  efficiency  of  oil  may  be  taken  as 
from  25  to  33^%  better  than  coal,  the  saviiigs  which  are  effected  in 
bunlvering,  less  storage  capacity,  no  trimming  and  less  stoker, 
have  led  the  speaker  to  the  conclusion  that  with  oil  at  from  75  to 
100%  more  per  ton  than  coal,  an  owner  could  run  his  ship  as  cheaply 
with  the  one  as  with  the  other. 

There  is  just  one  other  point  which  the  speaker  would  like  to 
treat  on.  and  that  is,  the  apparently  low  efficiency  of  the  water-tube 
boilers  which  have  been  fitted  in  vessels  of  the  mercantile  marine. 
Most  careful  tests  have  shown  the  efficiency  of  the  Babcock  and 
Wilcox  boiler  to  be  quite  equal  to  the  Scotch  marine  boiler;  on  the 
other  hand,  in  service  at  sea,  it  has  been  found  that  the  rate  .of  coal 
per  horse  power  is  in  some  cases  as  much  as  20%  in  favor  of  the 
Scotch  boiler.  The  superintending  engineer  of  one  of  the  largest 
users  of  the  marine  Babcock  and  Wilcox  boiler  accounts  for  this 
from  the  fact  that  his  great  difficulty  was  to  get  the  stokers  to  work 
the  fire  satisfactorily;  that,  owing  to  the  very  large  capacity  of  the 
furnaces,  the  tendency  of  the  stokers  was  to  fill  the  furnaces  up  un- 
til they  almost  choked,  and  then  sit  down  and  do  nothing,  with  the 
result,  of  course,  that  the  economy  was  anything  but  what  it  ought 
to  be;  and  that  they  found,  comparing  their  ships  which  had  Scotch 
boilers  with  those  with  Babcock  boilers,  that  they  were  using  about 
2  lb.  of  coal  per  i.  h.  p.  in  the  latter  against  1.5  or  1.6  lb.  in  the 


White. 
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Mr.  Wallace,  former.  This  company  uses  a  very  poor  class  of  coal.  Until  some 
satisfactory  form  of  stoker  is  applied  to  the  Babcock  boiler,  it  will 
not  be  satisfactory  at  sea. 

Professor  Durand  has  referred  to  the  Inclidane.  In  regard  to 
superheating  in  marine  practice,  this  boat  is  still  continuing  to  give 
good  results.  She  has  averaged  practically  1  lb.  of  coal  per  i.  h.  p., 
taken  over  1  year.  With  regard  to  the  superheater  itself,  it  is  con- 
structed of  tubes  about  J  in.  thick  and  1  in.  in  diameter,  and 
some  time  ago,  one  of  these  tubes  was  cut  out  to  see  if  any  cor- 
rosion could  be  found.  The  tube  was  cut  right  down  the  center, 
and  in  no  part  was  any  sign  of  wasting  found  in  the  tube.  The 
speaker  thinks  that  superheating  is  the  direction  in  which  engineers 
should  go  in  marine  work,  as  it  seems  to  be  one  of  the  few  places 
left  where  economy  can  be  had.  The  tests,  so  far  as  could  be  ascer- 
tained, taken  over  an  extended  time,  showed  a  saving  of  about  10% 
when  the  superheater  was  in  action,  as  against  when  it  was  shut  off. 
sii^.  H.  Sib  William  H.  White,  President,  Ixst.  C.  E.,  London,  Eng- 
land.— The  subjects  with  which  Professor  Durand  has  dealt  are  all 
important.  As  to  the  use  of  mechanical  stokers  in  ships,  it  must  be 
noted  that  on  the  Great  Lakes  only  limited  tests  can  be  made,  and 
the  full  trials  required  must  be  made  in  sea-going  ships,  subjected 
to  heavy  rolling  and  pitching,  which  develop  forces  that  interfere 
with  the  action  of  gravitational  apparatus.  Moreover,  it  is  a  good 
principle  in  ship  equipment  to  work  with  the  minimum  of  mechani- 
cal appliances  consistent  with  economy.  Constant  demands  are  be- 
ing made  to  put  into  ships  more  and  more  mechanism,  which  means 
more  maintenance,  but  this  must  be  resisted  as  much  as  possible. 

The  difficulty  with  stokers  is  undoubtedly  great,  and  the  work  is 
hard.  If  mechanical  stokers  could  do  the  work,  and  the  often 
erratic  human  stoker  could  be  dispensed  with,  it  would  be  advan- 
tageous. This  result  has  not  been  reached  afloat  and,  perhaps,  not 
even  on  land.  A  gentleman  of  large  experience  as  a  mechanical 
engineer  on  a  great  railroad  stated  recently  that,  after  experiments 
on  a  large  scale,  he  had  become  convinced  that  with  properly  trained 
and  disciplined  stokers  the  advantage  lies  on  the  side  of  the  hand- 
stoking,  and  he  had  removed  the  mechanical  stokers  in  use  on  that 
road. 

The  matter  of  the  "human  element"  in  questions  of  economy  of 
steam  machinery  is  one  that  needs  to  be  dealt  with.  The  march  of 
mechanical  improvement  may  be  limited,  unless  care  is  taken  of 
what  can  be  got  out  of  men,  apart  from  training  and  proper  dis- 
cipline. In  the  British  Navy,  a  young  fellow  is  entered  as  a  second- 
class  stoker.  He  knows  little  or  nothing,  but  he  is  put  under  dis- 
cipline and  turned  into  a  trained  stoker.  In  the  mercantile  service, 
the  stokers  are  frequently  men  of  the  roughest  and  most  undis- 
ciplined nature,  and  the  work  is  carelessly  done  with  consequent 
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waste  of  fuel.  Engineers  are  struggling  for  decimal  points  in  the  ^i^^':  ^■ 
consumption  of  fuel  per  horse-power  hour  by  means  of  improve- 
ments and  machinery  and  boilers;  and  yet  they  largely  neglect  the 
economy  possible  by  employing  disciplined  and  trained  stokers. 
Greater  care  is  taken  by  the  great  German  lines  of  steamships, 
where  the  stokers  are  well  trained  and  under  discipline,  and  a  good 
judge  has  estimated  the  resulting  economy  at  10%,  as  compared 
with  ordinary  stokers. 

In  order  to  secure  the  best  results  it  is  necessary  that  there  shall 
be  trained  men  in  the  boiler  room  as  well  as  in  the  engine  room. 
We  would  never  have  been  using  high  pressure  in  our  engine  rooms, 
if  we  had  been  content  with  the  old  class  of  engineers.  We  cannot 
afford  to  have  a  modern  gun  put  in  the  hands  of  an  old-style  gunner. 
We  used  to  make  boilers  in  the  most  hapliazard  way.  Now  it  is 
quite  understood  that  boilers  must  be  drawn  down  and  manufactured 
as  carefully  as  any  part  of  the  propelling  apparatus.  Yet  the  work 
of  the  stokehold  is  left  largely  in  the  hands  of  men  imperfectly 
trained  and  undisciplined.  It  would  be  an  advantage  to  the  great 
steamship  companies  to  have  schools  on  stoking. 

Passing  to  oil  fuel,  for  which  Professor  Durand  has  stated  the 
ease  admirably,  his  estimate  of  about  25%  advantage,  taking  the 
horse  power  developed,  is  substantially  what  Colond.  Soliani  gave  at 
Chicago  in  1893,  after  careful  investigation.  His  estimate  was 
based  upon  the  most  thorough  investigation  in  Russia,  as  well  as 
in  the  United  States.  If  the  boilers  are  built  for  either  coal  or  oil, 
they  best  meet  existing  conditions.  In  a  torpedo-boat  built  in  England 
some  years  ago,  the  boiler  was  made  exclusively  for  oil,  biit  the 
makers  afterwards  wished  they  had  not  done  it.  The  question  of  a 
constant  and  regular  supply  of  oil  fuel  is  important.  A  boiler  de- 
signed for  coal  burning  can  be  used,  with  good  results,  with  oil, 
but  the  contrary  is  not  true.  The  compulsory  use  of  coal  under 
some  circumstances  is  really  the  governing  proposition.  In  connec- 
tion with  the  design  of  the  new  Cunard  steamers,  this  question  of 
oil  fuel  has  been  much  debated.  Those  vessels  will  have  to  take  on 
board  5  000  to  6  000  tons  of  fuel  for  a  single  voyage  and  burn  1  000 
tons  per  day.  If  oil  fuel  could  be  obtained  with  certainty  and  at 
reasonable  prices,  no  doubt  it  would  be  iised.  Gravity  would  do  the 
work  in  feeding  the  fires,  and  the  filling  of  the  bunkers  would  be 
done  easily,  while  the  saving  in  weight  would  be  something  like 
1  500  tons  and  would  add  correspondingly  to  the  freight-earning 
capacity.  As  matters  stand,  no  one  can  assure  the  supply,  even 
within  the  limits  of  cost  that  Mr.  Wallace  mentioned.  Those  who 
have  to  do  with  the  supply  of  oil  have  such  demands,  and  the  fuel 
itself  is  so  sought  after  in  the  neighbourhood  where  it  is  produced, 
that  there  is  not  a  sufficient  visible  supply  of  oil  for  marine  pur- 
poses.    The  consumption  of  coal  is  so  enormous  in  shipping  that  it 
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Sir  w.  H.  is  not  possible  to  look  upon  oil  as  taking  its  place.  The  price  of 
anything,  of  course,  depends  upon  the  demand.  Some  of  the  great- 
est English  railways  have  had  oil-burning  engines,  and  have  had  to 
cease  burning  oil  and  go  back  to  coal  because  of  cost,  and  their  re- 
quirements are  relatively  small. 

In  regard  to  materials  used  in  marine  engineering,  it  would  be 
interesting  if  the  experience  of  the  German  boiler-making  industry 
could  be  given  in  relation  to  nickel  steel.  It  is  understood  that  they 
have  been  very  successful  with  nickel  steel,  and  the  facts  would  be 
valuable  if  recorded.  British  experience  in  the  practical  use  of 
nickel  steel  for  boilers  is  exceedingly  limited;  for  shipwork,  also, 
it  has  been  little  used  as  yet.  Steel  up  to  about  40  tons  per  sq.  in. 
and  20  tons  elastic  limit  has  been  provided  for  in  recent  warship 
specifications,  but  this  need  not  be  nickel  steel. 

Professor  Durand  has  summarized  the  situation  admirably  as 
regards  water-tube  boilers,  but  at  the  time  the  paper  was  written 
he  probably  had  not  seen  the  latest  report  of  the  Admiralty  Boiler 
Committee.  The  Admiralty  position  at  the  present  time  is  this : 
no  monopoly  is  permitted,  two  types  of  boilers,  the  Yarrow  and  the 
Babcock,  being  used  alternately.  For  some  years  the  Belleville 
boiler  wns  used  almost  exclusively  in  the  Royal  ^NTavy.  but,  at  an 
early  date,  arrangements  were  made  to  try  both  Niclausse  and 
Babcock- Wilcox  boilers.  Great  urgency  for  the  completion  of  ships 
interfered  with  these  experiments.  Other  navies  were  using  Belle- 
ville boilers  largely  and  taking  similar  risks.  Conseqi;ently.  for  a 
time,  Belleville  boilers  came  to  be  used  almost  exclusively  in  the 
Royal  ISTavy.  Although  their  use  is  not  now  continued  in  the  new 
British  wai-ships,  it  is  but  fair  to  add  that  Admiral  Domville,  Chair- 
man of  the  Boiler  Committee,  has  written  a  special  letter  stating 
that  the  recent  work  of  Belleville  boilers  in  our  Mediterranean  fleet 
is  most  satisfactory.  Experience  and  careful  management,  no 
doubt,  have  much  to  do  with  this  latest  opinion.  The  best  results 
in  coal  economy  on  a  long  voyage  that  have  ever  been  obtained  in 
any  of  the  English  cruisers  were  obtained  in  a  ship  fitted  with  Belle- 
ville boilers,  but  the  engineer  in  charge  was  especially  informed  as 
to  the  type  and  took  great  care  in  the  stokehold  organization.  This 
is  a  further  illustration  of  what  management  is  worth. 

The  Boiler  Committee  recommended  further  that,  for  a  time, 
about  20%  of  the  total  horse  power  should  be  put  into  the  Scotch 
type  of  boiler,  and  the  rest  into  water-tube  boilers.  The  speaker 
had  considered  this  plan  in  the  first  ships  in  which  water-tube 
boilers  were  used,  but  set  it  aside  for  various  reasons.  First,  it  was 
not  favourable  to  economy  of  space  and  weight;  and,  second,  it 
seemed  improbable  that  stokers  could  pass  readily  from  the  cylin- 
drical boiler  with  its  thick  fires  to  the  water-tube  boiler  with  its 
thin  fires  and  obtain  equally  good  results.     The  danger  was  that  the 
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water-tube  boilers  would  suffer  from  the  fact  that  cylindrical  boilers  sir  w.  h 
were  most  commonly  used.     The  Committee  after  a  very  short  time     '   '  ^' 
withdrew  from   its   position,   and  its   last   recommendation   is  that 
water-tube  boilers  be  used  entirely  for  warships. 

In  the  mercantile  marine,  until  it  is  proved  that  water-tube 
boilers  will  be  as  economical  as  cylindrical  boilers,  and  that  the 
repairs  will  be  no  greater,  it  is  practically  certain  that  water-tube  . 
boilers  will  be  used  only  in  special  cases.  Mr.  Wallace  has  said  that 
up  to  date  his  opinion  has  been  that  the  water-tube  boiler  was  about 
20  or  25%  less  economical  than  the  cylindrical  boiler  in  actual  work, 
although  in  carefully  made  tests  both  came  out  the  same.  The  fact 
is  that  you  must  have  trained  stokers.  In  the  mercantile  marine  at 
present,  they  have  no  trained  stokers,  and  the  cylindrical  boiler 
holds  the  field.  Economy  in  coal  and  cost  of  maintenance  are  most 
important  considerations,  and  until  shipowners  can  be  assured  on 
these  two  heads  they  are  not  likely  to  emliark  on  the  use  of  water- 
tube  boilers  for  sea-going  ships,  although  the  change  is  boimd  to 
come. 

In  dealing  with  turbine  motors,  Professor  Durand  ha^  surpassed 
himself  in  clearness  and  completeness  in  his  statement  of  under- 
lying principles.  The  future  of  turbines  will  take  care  of  itself. 
At  present  there  are  building  in  England  a  considerable  number  of 
ships  of  various  types  with  turbine  motors.  The  crowning  instance 
of  what  their  future  is  likely  to  be  is  to  be  found  in  the  new  Cunard 
steamers,  which  will  have  about  70  000  h.  p.  installed  in  them.  As 
a  member  of  the  Committee  which  recommended  turbine  motors  for 
those  ships,  the  speaker  cannot  enter  into  particulars,  as  it  is  the 
desire  of  the  Cunard  Company  that  the  details  of  conclusions  arrived 
at  by  the  Committee  shall  be  treated  as  strictly  confidential.  But 
this  much  may  be  said :  If  those  who  speak  of  the  recommendation 
of  the  Committee,  as  involving  a  great  experiment,  were  familiar 
with  the  details  of  the  design,  they  would  know  that  there  would 
have  been  a  greater  experiment  if  reciprocating  engines  had  been 
used.  With  turbines  there  will  be  a  practical  absence  of  vibration, 
less  expenditure  on  maintenance  and  lubrication,  large  reduction  of 
space  in  a  vertical  sense  and  other  advantages.  The  models  in  the 
Transportation  Section  of  the  Louisiana  Purchase  Exposition  showed 
that  much  smaller  screws  will  be  used  in  the  new  ships  than 
those  in  the  Campania,  or  the  later  German  ships.  Moreover,  with 
higher  rates  of  revolution  the  shafts  are  much  smaller,  while  no 
crank  shafts  are  needed.  With  reciprocating  power,  immense  crank 
and  propeller  shafts  would  be  required,  and  would  be  difficult  to 
manufacture. 

In  many  respects  there  is  less  experimental  work  in  the  design 
which  has  been  recommended  than  there  would  have  been  in  build- 
ing ships  with  reciprocating  engines  approaching  70  000  h.  p.     The 
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^w^i  ^'  C<^°^"^ittee  recognised  that  it  had  recommended  a  step  which,  in  its 
magnitude,  represented  the  advance  made  in  reciprocating  engines 
during  40  years,  and  yet  made  its  recommendation  deliberately. 
The  steam  turbine  is  secure  in  its  future  use,  if  the  gas  engine  or 
gas  turbine  does  not  take  its  place. 
Mr.  Robertson.  LESLIE  S.  RoBERTSON,  M.  Inst.  C.  E.,  London,  England. — In  re- 
gard to  propellers,  it  may  be  interesting  to  show  what  was  done  in  a 
recent  turbine  yacht  with  which  the  speaker  was  connected,  and  for 
which  Charles  Parsons  designed  the  propellers.  Although  Mr.  Par- 
sons knows  as  much  as  anybody  about  screws  for  turbine  boats,  even 
in  this  boat,  in  spite  of  the  fact  that  he  had  worked  on  lines  similar 
to  his  previous  practice,  yet,  in  order  to  get  the  desired  speed,  two 
or  three  different  sets  of  propellers  were  xised.  Three  propellers  on 
each  of  the  three  shafts  were  first  tried,  but  the  trouble  with  dis- 
turbed water  and  consequent  cavitation  was  so  noticeable  that  only 
two  propellers  were  fitted  on  each  of  the  three  shafts,  and  the  de- 
signs were  altered  in  regard  to  pitch,  surface,  etc.  These  facts  are 
mentioned  merely  to  show  that  as  worked  out  in  practice  there  must 
be  propeller  trials,  if  the  best  results  are  to  be  obtained  with  the 
boat. 

In  regard  to  the  economical  results  obtained  by  the  French  in 
their  torpedo  boats,  the  speaker  has  had  an  opportunity  of  seeing  a 
great  deal  of  their  best  practice,  and  thinks  that  one  reason  for  the 
remarkable  results  which  they  have  obtained  is  that  a  high  premium 
is  put  upon  economic  results  by  the  fact  that  the  French  Govern- 
ment insists  that  their  boats,  at  full  speed,  shall  carry  sufiicient  coal 
for,  say,  3  000  miles,  based  upon  their  coal  consumption  at  slow 
speeds,  that  is  to  say  at  from  10  to  14  knots.  The  total  weight  of 
coal  at  slow  speeds  thus  determines  the  total  weight  of  coal  to  be 
carried  at  full  speed.  The  French  designers  have,  therefore,  given 
very  particular  attention  to  getting  good  results  at  slow  speeds. 
M.  Normand  had  certainly  a  very  efiicient  staff  of  stokers,  but  he 
arrived  at  his  results  by  a  very  careful  attention  to  detail  in  de- 
signing his  engines.  He  has  systematically  and  steadily  reduced 
the  consumption  until  it  is  now  down  below  1  lb.  It  is  certainly  a 
beautiful  work,  and  the  results  have  only  been  obtained,  step  by 
step,  by  careful  attention  to  every  detail. 

The  speaker  had  to  build  some  torpedo  boats  for  the  French 
Government  on  plans  of  an  English  firm  which  had  not,  at  that 
time,  paid  as  much  attention  to  the  question  of  consumption  as 
French  firms  had,  and  when  the  boats,  built  on  English  plans  under 
French  conditions,  were  put  in  commission,  there  was  difficulty 
about  the  consumption.  The  firm  naturally  tried  to  find  out  where 
the  difference  was,  not  being  accustomed  to  the  French  methods, 
and  found,  among  other  things,  that  the  French  briquettes  were 
better  than  the  Nixon  navigation  and  other  kinds  of  coal. 
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In  this  pa])er  it  is  proposed  to  review  the  practice  of  dredging 
in  America  and  the  progress  made  during  the  last  ten  years,  and 
to  illustrate  the  preseat  state  of  the  art  by  recent  examples. 
Machines  for  land  excavation  will  also  be  included  as  these  have 
found  a  special  development  in  America.  The  subject  thus  resolves 
itself  into  two  main  divisions,  mechanism  for  subaqueous  excava- 
tion and  mechanism  for  dry  excavation.'" 

Much  difierence  naturally  exists  between  America  and  Europe. 
The  two  have  had  an  almost  wholly  separate  growth,  arising  out  of  a 
different  set  of  conditions  and  carried  on  by  a  different  set  of  men 
with  but  little  interchan.o'e.  Thus  even  the  nomenclature  is  dif- 
ferent. Europe,  as  the  older  country,  possessed  dredging  machines 
when  America  had  none,  and  favored  by  time  and  denser  popula- 

*In  this  paper  the  term  '■  America"  is  used  to  mean  the  North  American  Conti- 
nent, and  "  European  "  includes  Britain.  Canadian  practice,  although  borrowintr  some 
earlv  European  features,  follows  similar  lines  to  the  United  States  owing  to  similar 
conditions  and  proximity. 
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tion,  her  harbors  and  sea-works  have  reached  an  earlier  and  more 
solid  development  than  in  America,  and  the  dredging  machines 
employed  on  them  were  superior  to  American  both  in  point  of 
numbers  and  in  general  excellence  of  design  and  equipment. 

The  reasons  for  this  are  found  not  only  in  the  fact  that  Euro- 
pean seaports  had  a  long  start  of  American  seaports  and  an  earlier 
development,  but  also  that  the  methods  of  administration  followed 
in  Europe  were  different.  These  methods  favored  the  creation  of 
permanent  plants  to  execute  gradually  large  works,  while  in  America 
the  opening  up  of  a  vast,  virgin  country,  both  on  the  seaboard  and 
in  the  interior,  required  the  rapid  execution  of  a  great  number  of 
works  suited  to  immediate  necessities  under  the  small  contract 
system. 

This  system  has  given  rise  to  a  class  of  contractors  of  all  grades, 
who  build  and  own  their  plant,  and  as  their  contracts  are  liable 
to  be  varied  both  as  to  locality  and  conditions,  they  do  not  invest 
largely  in  special  plant.  The  small  contractor  is  under  compulsion 
to  make  money  out  of  his  immediate  contract.  He  must  employ 
a  plant  which  is  adapted  to  a  variety  of  work,  and  which  does  not 
represent  more  capital  invested  than  his  contract  will  warrant. 
Moved  by  conditions  of  expediency  his  outfit  is  often  cheap  and 
temporary.  If  he  builds  special  tools,  he  is  face  to  face  with  the 
contingency  of  having  no  further  use  for  them  at  the  termination 
of  the  job. 

On  the  other  hand  the  large  corporation,  or  Board  of  Harbor 
Trustees,  under  the  European  method  of  administration,  is  able 
to  lay  out  a  comprehensive  plan  of  the  works  under  its  charge  and 
provide  permanent  plant  adapted  to  it,  which  will  be  assured  of 
employment  through  a  series  of  years.  Thus  has  developed  the 
large  and  complete  seaworthy  dredge  of  the  ladder  and  bucket  type, 
which  is  found  so  frequently  in  Europe  and  so  rarely  in  America. 

The  American  contractor  has  great  resourcefulness.  He  is 
moved  by  two  powerful  instincts  which  are  absent  from  the  Euro- 
pean corporation :  First,  the  money-making  necessity ;  and,  second, 
the  necessity  to  "hustle"  and  complete  his  contract  to  make  way  for 
the  next  one. 

Contrasting  the  cheap,  wooden  dredges  of  the  American  con- 
tractor with  the  large  and  costly  steel-hulled  dredges  of  the  Euro- 
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pean  harbor  corporations,  the  inference  might  be  drawn  that  America 
is  behind  in  this  class  of  work.  That  the  plant  of  the  American 
contractor  has  been  cheap  and  inferior  by  comparison  is  admitted, 
but  it  certainly  has  been  better  adapted  to  his  needs,  and  has  been 
capable  of  doing  efficient  work  under  his  conditions. 

Within  the  past  ten  years,  however,  the  needs  of  the  contractor 
have  been  changing.  Contracts  are  increasing  in  size  and  impor- 
tance, and  call  for  a  larger  and  better  class  of  plant.  Works  of 
greater  magnitude  are  carried  on,  and  it  is  the  policy  of  the 
Government  to  award  larger  contracts  and  allow  more  time  for 
preparation.  Contractors  instead  of  being  "rule-of-thumb"  men, 
building  their  dredges  themselves  from  their  own  ideas  and  those 
of  their  boss  carpenter,  are  now  either  engineers  themselves,  or 
employ  engineers,  and  are  building  a  very  much  better  class  of  plant. 
Ten  years  ago  there  was  scarcely  a  steel-hulled  dredge  in  America, 
now  there  are  large  numbers  as  will  be  seen  by  examples  in  this 
paper. 

In  the  United  States  the  great  bulk  of  the  works  classed  as 
River  and  Harbor  Improvements  are  carried  out  by  contract,  and 
for  which  an  appropriation  known  as  the  "River  and  Harbor  Bill" 
is  made  from  time  to  time  by  Congress.  Most  of  these  contracts 
are  small  and  represent  sums  voted  for  extension  and  maintenance 
as  well  as  for  new  works.  In  order  to  give  an  idea  of  these  appro- 
priations. Table  1  gives  the  total  sums  voted  by  Congress  from 
1890  to  1900  inclusive : 

TABLE  1. — Appropriations  by  Congress  for  Rh'er  and  Harbor 

Improvement. 

1890 $25  368  624.89          1896 $20  108  128.94 

1891 2  955  278.87         1897 20  992  739.73 

1892 22077285.63         1898 14861459.56 

1893 14  277139.65         1899 24  567  538.94 

1S94 19  918  247.55         1900 15  417105.75 

1895 11667115.00 

Foreign  visitors  to  America  must  be  struck  with  much  that  is 
crude  and  temporary  in  various  things  as  compared  with  European 
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practice,    and   this   comparison   applies   also    to   harbor   works    and 
dredging  plant.     America  is  now  being  re-built  at   a  rapid  rate. 
The  early  temporary  structures  which  were  the  natural  concomitants 
of  a  young  and  growing  country  are  being  replaced  with  larger  and 
raore  permanent  ones.     In  river  and  harbor  works  and  in  railway 
construction   the   change  may   be   said  to   have  just  begun.     The 
increased  size  of  ocean  vessels  is  fully  up  to  the  limits  of  channel 
and  harbor  accommodations   and  pressing  for  more,   and   on  the 
railways,  the  past  decade  has  witnessed  an  expansion  in  the  size 
of  locomotives  and  cars  which  has  practically  doubled  their  capacity. 
Attractive  as  these  two  subjects  are,  it  is  not  the  writer's  intention 
.  to  refer  to  them  further  except  to  point  out  the  important  relation 
between    the    expanded    requirements    of    navigation    and    railway 
interests,  and  the  development  of  dredging  machinery.     This  rela- 
tion has  created  a  new  set  of  conditions.     The  large  works  now 
projected  to  fulfill  these  conditions  call  for  a  class  of  appliances 
entirely    different    from    those    suitable    to    the   small    contractor. 
Dredging  machinery   in   America   is   thus  in   its   transition   stage 
from  small  conditions  to  large,  and  the  development  which  is  now 
taking  place  will  result  in  making  possible  the  accomplishment  of 
large  projects  which  heretofore  were  prohibitive  on  account  of  cost 
and  time. 

The  expansion  of  river  and  harbor  requirements  has  already 
resulted  in  the  creation  of  a  number  of  large  and  powerful  dredges 
during  the  last  few  years.  That  they  have  not  before  existed  is 
due  to  the  fact  that  they  were  not  required  by  the  contractor  for 
the  works  then  in  hand,  and  not  to  the  inability  of  American 
engineers  to  build  large  sea-going  dredges.  The  American  con- 
tractor may  be  relied  on  to  design  and  build  just  such  a  plant  to 
execute  his  work,  that  when  it  is  all  finished,  it  will  have  netted 
him  the  greatest  number  of  dollars.  At  any  rate  this  is  the  mark 
he  aims  at,  although  the  fallibility  of  the  human  mind  may  cause 
him  to  fall  short  sometimes  of  ideal  results. 

The  re-building  of  American  railways  is  being  accomplished 
by  the  expenditure  of  fabulous  sums.  Built  at  first  in  a  temporary 
way  to  open  up  the  country  at  small  cost,  and  for  the  lighter  loads 
of  some  years  ago,  they  were  entirely  right  and  proper,  and  no 
intelligent   engineer   familiar   with   the   conditions   would  compare 
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the  construction  of  these  railways  unfavorably  with  the  finished 
and  permanent  construction  of  Great  Britain.  In  this  re-building 
the  steam  shovel  is  a  valuable  tool,  and  will  be  described  later  in 
this  paper. 

It  has  already  been  observed  that  the  growth  of  the  country 
under  the  small  contract  system  is  responsible  for  the  development 
of  much  temporary  contractor's  plant.  While,  however,  fuUy  appre- 
ciating the  value  of  thoroughness  and  completeness  (in  the  building 
of  a  dredge  for  example),  together  with  good  design  and  work- 
manship as  factors  of  efficiency  and  economy  in  the  end,  the  writer 
would  urge  that  with  the  rapid  rate  of  change  and  progress  which 
now  exists,  it  is  easy  to  go  too  far  in  that  direction.  In  earlier 
days  and  in  European  practice,  things  moved  more  slowly,  and  it 
was  a  good  investment  to  build  most  things  to  last  a  long  time. 
Now,  however,  things  become  obsolete  so  quickly  that  it  does  not 
seem  good  policy  to  build  for  forty  years  what  we  will  have  to 
throw  away  in  ten,  or  less.  It  is  a  pertinent  subject  for  inquiry 
which  applies  to  all  engineering  structures  how  best  to  balance  the 
theory  of  permanence  during  the  probable  life,  or  probable  period 
of  usefulness  of  the  structure,  so  as  to  give  the  best  efficiency. 

The  four  principal  types  of  dredge  which  will  be  considered  in 
this  paper  are  as  follows: 

1. — The  ladder  or  elevator  dredge; 

2. — The  dipper  dredge  with  single  dipper  mounted  on  a  handle; 

3. — The  hydraulic  or  suction  type; 

4. — The  clamshell  or  grapple. 

The  Ladder  or  Elevator  Dredge. 

But  few  examples  exist  in  America  of  the  ladder  dredge,  and 
although  extensively  used  abroad,  it  does  not  appear  to  have  found 
any  extended  use  on  this  side  of  the  Atlantic.  This  is  owing  to 
the  fact  that  it  is,  as  a  type,  not  well  adapted  to  American  condi- 
tiojis.  To  be  more  specific,  these  conditions  require  an  inexpensive 
and  an  all-around  machine  suitable  for  contractor's  use,  capable  of 
adapting  itself  to  a  variety  of  purposes  and  conditions,  light  on 
repairs,  and  handled  by  a  small  crew. 

Thus  for  contract  work  the  grapple  dredge  for  the  soft  tidal 
work  of  the  coast,  and  the  dipper  dredge  for  the  harder  and  shal- 
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lower  work  of  the  Lakes,  furnish  the  contractor  with  simple  tools 
more  suited  to  his  needs  and  with  which  he  could  make  more 
money  than  a  large  elevator  dredge. 

Elevator  dredges  are  used  on  the  River  St.  Lawrence  Ship 
Channel,  where  this  type  of  machine  has  gained  a  foothold  from 
early  examples  imported  from  the  Clyde,  the  first  of  which  dates 
back  to  1832.  These  dredges  have  done  very  successful  work  as 
the  local  conditions  are  well  adapted  to  this  type.  Furthermore, 
the  work  being  carried  on  through  a  series  of  years,  first  by  the 
Harbor  Corporation  and  later  by  the  Government,  a  large  and 
permanent  plant  could  be  employed  which  would  not  be  subject 
to  the  vicissitudes  of  contract  work.  The  ladder  dredge  is  best 
adapted  to  ship-channel  work  in  the  open,  where  there  is  ample 
space  to  set  the  anchorages,  and  large  volumes  of  material  to  be 
dealt  with  of  a  reasonably  uniform  kind,  and  where  the  method 
of  disposal  is  by  scows  or  barges. 

The  dredged  ship  channel  of  the  River  St.  Lawrence  between 
Montreal  and  Quebec  aggregates  60  miles  of  dredging  out  of  160 
miles  of  river.  The  original  depth  of  water  was  11  ft.  and  the 
channel  now  about  completed  is  450  ft.  minimum  width  and  30  ft. 
deep  at  low  water.  The  general  type  of  dredge  employed  on  this 
work  is  illustrated  by  the  Aberdeen  in  Fig.  1,  Plate  XIV.  It  is  fitted 
with  buckets  of  1  cu.  yd.  capacity  and  has  a  record  of  5  740  cu.  yd. 
per  day  average  for  21  days.  There  are  six  dredges  similar  in 
size  and  type  to  the  Aberdeen  employed  on  this  work  continuously. 
Some  of  them  are  fitted  with  very  powerful,  steel  buckets  of  smaller 
capacity  for  working  in  shale  rock.  The  buckets  are  illustrated 
in  Fig.  2,  Plate  XIV.  The  total  amount  of  material  excavated  in 
this  ship  channel  is  about  40  000  000  cu.  yd.  These  dredges  are  note- 
worthy in  their  operation  as  compared  with  European  practice,  in 
that  they  are  able  to  make  very  wide  cuts  at  one  time.  The  ordi- 
nary width  of  the  channel  is  450  ft.,  and  this  is  regularly  made  the 
full  -width  at  one  time  feeding  laterally.  In  the  bends  the  width 
is  from  600  to  Y50  ft.,  and  these  dredges  make  this  width  also 
continuously.  This  is  accomplished  by  the  use  of  steel-wire  rope 
for  the  head  line  instead  of  chain,  and  carrying  the  rope  on  floats 
for  a  considerable  distance  ahead  of  the  dredge  so  as  to  permit  the 
necessary  movement  without  dragging  on  the  bottom.     These  ropes 
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are  from  2  000  to  3  000  ft.  in  length  and  are  of  steel  wire  of  1.5 
to  2-in.  diameter  according  to  strength  of  current.  The  rope  is 
wound  upon  a  drum  of  large  size  operated  by  an  independent 
engine.  The  lateral  feeding  of  the  dredge  is  done  by  a  separate 
winch  and  chains  in  the  ordinary  way,  although  wire  rope  has  been 
used  for  this  purpose  also. 

Isolated  examples  of  elevator  dredges  used  for  the  improvement 
of  navigation  exist  in  the  United  States,  but  they  are  used  for 
special  conditions  and  are  not  treated  in  detail  here. 

It  is  always  difficult  to  transplant  a  type  and  to  overcome  local 
prejudice,  and  certainly  the  objections  of  the  American  contractor 
to  the  elevator  type  that  it  is  expensive  in  first  cost,  limited  in 
its  capabilities,  complicated,  subject  to  heavy  wear  and  cost  of 
repairs,  requires  a  large  crew,  and  plenty  of  sea  room  in  which  to 
work  effectively,  are  well-founded.  Much  has  been  done,  however, 
to  reduce  these  disadvantages,  and  to  reduce  the  wear  by  the  employ- 
ment of  a  better  quality  of  steel,  so  that  this  is  not  as  great  a 
disadvantage  as  formerly.  The  use  of  manganese-steel  pins  and 
bushings  for  the  links  of  the  chain  of  buckets  is  now  almost 
universal,  and  it  is  quite  possible  to  construct  a  powerful  chain 
of  buckets  which  will  run  a  whole  season  through  without  inter- 
ruption  or  delay.  Wliere  there  is  a  sufficiency  of  work  of  the  right 
kind  for  such  a  dredge  to  do,  its  large  capacity  and  continuous 
operation  leaving  a  clean  and  level  bottom  will  commend  it. 

The  only  other  extended  application  of  this  type  of  dredge  has 
been  for  gold  dredging.  During  the  last  ten  years  this  industry 
has  made  considerable  advance,  although  the  difficulties  contended 
with  have  been  great,  and  the  failures  numerous.  This  type  of 
dredge  is  now  firmly  established  as  the  only  successful  one  for  gold 
dredging,  and  has  followed  the  experience  of  the  New  Zealand 
and  Australian  practice.  Other  types  of  dredges  have  been  tried 
for  gold  dredging,  but  they  have  all  resulted  in  failure.  The  reason 
is  that  the  endless  chain  of  buckets  is  the  only  type  which  picks 
tlie  gold-bearing  gravel  up  cleanly  from  the  bottom  with  a  minimum 
of  agitation,  which  would  cause  loss  of  gold,  and  which  retains  its 
contents  until  it  is  raised  to  the  screen.  The  material  is  also  deliv- 
ered in  the  center  of  the  dredge  to  the  screen  and  gold-saving 
apparatus  in  a  fairly  continuous  stream.     The  dipper  dredge,  on 


278 


DREDGES  :    THEIR    COXSTRUCTION'    AND   PERFORMANCE. 


the  other  hand,  delivers  a  quantity  of  material  intermittently, 
requires  a  separate  barge  for  the  washing  apparatus,  and  agitates 
the  material  during  the  act  of  digging  so  that  much  of  the  gold  is 
lost,  and  further  loss  occurs  through  the  door  of  the  dipper  which 
is  not  water-tight.  The  suction  type  of  dredge  is  also  a  failure 
for  gold-dredging  purposes,  as  a  force  of  suction  which  is  sufficient 
to  lift  the  sand  and  gravel  will  leave  the  gold  behind.  Further- 
more, this  type  cannot  deal  with  boulders. 

In  Fig.  1,  Plate  XV,  is  illustrated  a  gold  dredge  operated  elec- 
trically and  which  may  be  taken  to  represent  an  American  type. 
Most  of  the  American  dredges  are  held  in  position  by  spuds  and 
make  a  radial  cut.  The  New  Zealand  dredges,  on  the  other  hand, 
do  not  employ  spuds,  but  are  controlled  by  rope  anchorages  entirely. 


Fig.  I. 


The  Dipper  Dredge. 

The  development  of  the  dipper  type  of  dredge  in  America  is  due 
to  the  need  of  the  contractor  for  a  cheap  and  simple  machine  which 
could  do  a  variety  of  work.  In  its  early,  simple  form  it  con- 
sisted of  a  crane  or  boom  on  which  was  mounted  a  single  dipper 
operated  by  a  hoisting  engine.  As  an  example  of  the  simplicity 
and  cheapness  of  which  this  type  is  capable,  the  small  dredge  shown 
in  Fig.  1  is  illustrated.  This  dredge  has  a  wooden  hull  34  ft.  long 
by  12  ft.  wide,  made  of  2-in.  plank  nailed  together  and  the  capacity 
is  about  175  cu.  yd.  per  10  hours.  The  total  cost  is  stated  to  be 
about  $1  000.* 

The  adaptability  of  a  dipper  dredge  to  digging  a  canal  through 
solid  ground  is  illustrated  in  Fig.  2.  Hundreds  of  miles  of  canals 
of  small  section  are  built  through  swampy  lands  in  the  Middle  and 

*  Engineering  A'eivs,  May  14th,  1903. 


dredges:  their  construction  and  performance. 


279 


Southern  States  for  drainage  purposes,  in  this  manner.  Such  a 
dredge  is  well  adapted  to  deal  with  stumps,  roots  and  other  obstruc- 
tions. A  cheap  dredge  of  this  kind  with  a  1.5-yd.  dipper  will  cost 
say  $8  000  to  $9  000  complete,  and  should  dig  100  to  150  lin.  ft.  of 
canal  per  day  of  20  hours  in  ordinary  material,  the  canal  being 
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Fig.  2. 

8  ft.  deep  by  20  to  30  ft.  wide.     These  dredges  can  be  built  to  suit 
various  sizes  of  canal,  say,  from  10  to  60  ft.  wide  at  one  cut. 

The  dipper  dredge  has  found  its  best  development  on  the  Great 
Lakes.  The  navigational  depth  of  the  Lakes  is  but  half  that  of  the 
seaboard.  The  length  of  spud  and  dipper-handle  is  therefore  kept 
within  easy  working  limits  and  a  faster  speed  maintained  than 
would  be  possible  with  the  40-  to  50-ft.  depths  necessary  on  the 
coast.     Added  to  this  is  the  advantage  of  non-tidal  fresh  water  of 
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the  Lakes,  requiring  less  adjustment  of  spuds  and  less  trouble  from 
corrosion  and  condensing  apparatus.  The  present  standard  of 
depth  of  lake  navigation  above  Niagara  Falls  is  21  ft.  Along  the 
chain  of  lakes  the  character  of  material  to  be  dredged  is  generally 
hard,  consisting  of  clay  and  stones  or  glacial  drift,  with  some  local 
soft  deposits.  Consequently  the  dipper  dredge,  with  its  positive 
application  of  power  to  the  digging  or  penetration  of  the  bucket, 
is  better  adapted  to  deal  with  such  material,  than  the  clamshell  or 
grapple  dredge,  which  finds  its  better  application  in  the  soft 
material  and  greater  depth  of  dredging  on  the  seacoast. 

An  example  of  a  good,  wooden,  dipper  dredge  of  the  Upper 
Lakes  is  shown  in  Fig.  2,  Plate  XV.  This  is  a  4-yd.  dredge  belong- 
ing to  the  Lake  Superior  Contracting  and  Dredging  Company. 
This  machine  regularly  makes  a  speed  of  40  to  45  sec.  per  dipper 
load,  and  has  a  record  of  5  900  cu.  yd.  in  16  hours.  On  channel 
work  this  dredge  has  a  record  of  97  640  cu.  yd.  per  month,  while 
taking  off  a  cut  only  2  ft.  in  thickness,  covering  2rl  miles  of  distance 
in  the  month.  This  was  accomplished  in  October,  1902,  and  is  evi- 
dence that  this  type  of  dredge  can  get  over  the  ground  at  a  rapid 
rate  when  necessary.  In  a  good  bank  the  best  month's  record  was 
nil  000  cu.  yd. 

An  example  of  a  dipper  dredge  for  the  deeper  work  of  a  seaport 
is  shown  in  Fig.  1,  Plate  XVI.  This  is  a  Y-yd.  dredge  belonging  to 
the  Montreal  Harbor  Commissioners.  The  hull,  boom  and  dipper- 
handle  of  this  dredge  are  of  steel,  and  the  A  frame  and  spuds  are 
of  wood.  The  dipper  is  hoisted  by  a  single  part  of  steel-wire  rope. 
One  of  the  earliest  examples  of  a  large  dredge  to  employ  a  single 
rope  hoist  was  Dredge  Xo.  1  of  the  Montreal  Harbor  Commissioners, 
built  in  1890  from  designs  by  John  Kennedy,  M.  Am.  Soc.  C  E. 

This  dredge  was  followed  by  a  number  of  others  of  the  same 
type  improved  in  detail,  and  it  has  been  found  that  while  the  wire 
rope  does  not  last  as  long  as  chain,  it  is  much  more  efficient  by 
reason  of  the  great  reduction  in  friction  and  wear  both  of  chain 
and  sheaves,  and  in  the  increase  of  the  angle  of  lead  to  the  dipper. 
The  life  of  the  rope  on  these  dredges  varies  from  one  to  lour  months, 
those  of  more  recent  construction  having  larger  sheaves  and  drums. 
A  rope  will  give  indications  of  weakness  long  enough  in  advance 
of  its  final  failure  to  permit  of  its  being  replaced  at  a  convenient 
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Fig.  1.— (iiiLD  Dredge.    California. 


Fig.  !2.— Four- Yard  Dipper  Dredge.     (Jreat  L.^ke^ 


dredges:  their  construction  and  performance.      281 

opportunity.  A  chain  on  the  other  hand,  may  break  without  warning 
and  cause  delay.  A  further  advantage  in  the  use  of  wire  rope  over 
chain  is  its  increased  speed.  The  efficiency  of  the  dipper  dredge 
as  a  type  depends  largely  upon  its  speed,  and  with  direct  wire  rope 
a  marked  increase  of  speed  has  been  obtained. 

The  principal  dimensions  of  the  dredge  illustrated  in  Fig.  1, 
Plate  XVI,  are  given  in  Table  2. 

TABLE  2. 

Leno-th  of  hull 90  ft. 

Width  of      •■    :5n  " 

Depth  of      '•    10  ^• 

Depth  to  which  dredge  can  work 40  '• 

Type  of  hoisting  engines Double  cylinder,  non-condensing 

Diameter  of  cylinders IC  in. 

Length  of  stroke 18  '• 

Capacity  of  dipper 7  cu.  yd. 

Diameter  of  hoisting  rojie 2^  in. 

Maximum  pull  on  dipper 120  000  lb. 

Diameter  of  main  sheaves S  f t. 

Size  of  forward  spuds 42  by  42  in 

Material      "            "     (single  timljers) Douglas  Fir. 

Length         '^           "      60  ft. 

The  largest  dipper  dredge  yet  built  is  illustrated  in  Fig.  2, 
Plate  XVI.  This  is  the  dredge  Onondaga  owned  by  Hughes  Broth- 
ers and  Bangs,  Contractors,  and  is  at  work  in  the  Harbor  of  New 
York.    The  dimensions  of  this  dredge  are  given  in  Table  3. 

The  variety  of  work  that  can  be  done  by  dipper  dredges  is  sur- 
prising to  those  unfamiliar  with  them.  The  machine  is  in  fact 
a  complete  floating  crane  of  50  tons  capacity  or  more.  For  pulling 
piles,  tearing  out  "old  foundations,  or  preparing  for  new  ones,  and 
lifting  heavy  weights  of  all  kinds,  it  is  especially  adapted.  Buried 
timber  or  sunken  wrecks,  which  would  block  a  ladder  dredge,  are  by 
it  rooted  out  and  lifted  with  ease.  Where  large  boulders  are  en- 
countered, it  is  necessary  to  pass  a  sling  chain  around  the  boulder 
and  catch  the  sling  on  the  teeth  of  the  dipper,  and  lift.  The 
maneuvering  powers  of  the  dipper  dredge  are  such  as  to  render  it 
largely  independent  of  a  tug,  and  handy  to  work  in  confined  situa- 
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tions.  Standing  alone  on  its  spuds  it  needs  no  other  anchorage  and 
consequently  obstructs  navigation  less  than  the  elevator  dredge  with 
its  radiating  chains  and  constant  motion.  By  means  of  its  dipper  on 
the  bottom,  it  can  maneuver  itself  in  any  direction  either  with  all 
spuds  up,  or  check  and  swing  on  one  spud,  and  when  the  right 
position  is  reached,  can  instantly  stop  and  hold  by  dropping  the 
remaining  spuds.  It  can  push  about  the  scows  which  it  is  loading 
by  means  of  the  dipper,  reverse  them  end  for  end,  or  swing  them 
entirely  around  from  one  side  to  the  other  by  resting  the  dipper  on 
the  deck  of  the  scow  and  swinging.  It  can  load  the  dredged 
material  either  into  scows,  or  deposit  it  on  the  bank  or  over  a 
retaining  wall.  It  can  dig  equally  well  to  the  full  depth,  or  cut  its 
own  flotation  through  ground  many  feet  above  the  water.  Having 
great  power  concentrated  on  a  single  dipper,  it  is  capable  of  dealing 
with  harder  material  than  the  elevator  type  of  dredge,  and  can 
handle  boulders  of  large  size.  The  dipper  is  readily  disconnected 
from  the  handle  by  pin-joints,  consequently  by  changing  the  dipper, 
the  dredge  can  be  quickly  converted  from  a  hard-material  dredge 
into  a  soft-material  dredge  and  vice  versa,  a  matter  of  importance 
to  a  contractor.  For  rock  dredging  a  small  and  very  strong  dipper, 
armed  with  steel  teeth,  is  used,  and  for  soft  material  the  dipper 
may  be  two  or  three  times  as  large,  of  lighter  construction  and 
without  teeth. 

TABLE  3. 

Length  of  hull 140  ft. 

Width  of      -     50  " 

Depth   of       " 15  " 

Type  of  engines Doulile  cylinder,  condensintr. 

Diameter  of  cylinders 20.5  in. 

Length  of  stroke .          24  " 

Size  of  forward  spuds  (four  timbers) 5  ft.  square. 

Length  of  spuds 80  ft. 

Material  of     "     Oregon  Fir. 

Size  of  dipper  arm  (single  timber) ."50  by  36  in. 

Length  of  "        "     80  ft. 

Material  of  dipper  arm Oregon  Fir. 

Capacity  of  dipper 16  cu.  yd. 

Depth  to  which  dredge  ('an  work 50  ft. 


dredges:  their  construction  and  performance.      283 

With  all  these  capabilities  the  dipper  dredge  is  the  essence  of 
simplicity,  and  is  under  the  instant  and  absolute  control  of  one 
man,  who  is  captain,  engineer,  and  the  soul  of  the  machine.  With 
him  is  no  summoning  of  the  crew,  ringing  of  bells,  setting  out 
anchors  and  losing  time  in  preparation  to  begin.  His  crew  consists 
of  one  cranesman,  two  or  three  deck-hands  and  a  fireman,  and  with 
steam  up  he  is  always  ready  for  work. 

As  the  dipper  dredge  depends  for  its  effectiveness  upon  the  skill 
of  the  operator,  the  personal  equation  is  most  important.  Speed 
and  continuity  of  action  are  likewise  necessary  to  good  results. 
Therefore,  in  order  that  these  qualities  may  be  maintained,  the 
mechanism  is  made  very  quick  in  its  action,  and  instantly  re- 
sponsive to  the  will  of  the  operator  without  miich  manual  effort  on 
Lis  part.  He  must  be  the  brain  and  not  the  muscle  of  the  machine 
if  top  speed  is  to  be  kept  up.  The  speed  of  a  good  dipper  dredge 
on  the  lakes  may  be  said  to  he  from  30  to  40  sec.  per  dipper  load, 
and  on  the  seaboard  from  40  to  50  sec.  After  having  dug  out  all 
the  material  within  reach,  the  spuds  are  raised  and  the  machine  is 
"moved  up."  This  operation  is  usually  performed  by  dropping  the 
dipper  on  the  bottom  as  far  forward  as  it  will  reach,  and  pulling  in 
on  the  backing  chain.  The  rear  spud  remains  on  the  bottom  while 
moving  up  in  order  to  keep  the  dredge  on  line.  For  this  purpose  it  is 
made  to  roll,  or  oscillate  in  a  fore  and  aft  direction,  and  when  so 
made  is  termed  a  "walking"  spud.  Should  the  dredge  for  any 
reason  get  off  line,  a  swinging  or  lateral  movement  imparted  to  the 
dipper  while  moving  up  will  correct  the  error  with  no  delay.  The 
moving-up  process  should  be  done  in  one  minute  in  a  well-designed 
dredge. 

The  early  dipper  dredges  were  of  the  crane  type,  and  the 
iriajority  of  those  in  use  up  to  ten  years  ago  did  not  exceed  2  cu.  yd. 
capacity.  In  the  earlier  machines  the  hoisting  engine  was  con- 
nected to  the  hoisting  drum  by  a  positive  clutch,  but  this  was  later 
siiperseded  by  a  friction  clutch.  This  type  of  dredge  has  been 
evolved  by  experience,  and  reduced  to  a  system  varied  of  course  in 
detail  from  which  it  is  not  possible  to  depart  to  any  great  extent 
without  detriment,  or  getting  into  the  region  of  experiment.  The 
principal  stresses  are  susceptible  of  calculation  from  the  power 
exerted  by  the  engines  as  a  basis,  and  all  parts  should  be  proper- 
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tioned  to  withstand  safely  the  maximixm  stress  due  to  encountering 
iniTnovahle  resistances  under  full  head  of  steam. 

It  has  been  said  that  the  dipper  dredge  is  indigenous  to  the 
Great  Lakes.  The  shallow  digging  depth  and  fresh  non-tidal  waters 
certainly  make  it  easier  to  comply  with  the  requirements  of  design. 
Nevertheless,  many  efficient  dredges  of  this  type  have  been  built  for 
deep  and  tidal  work.  To  increase  the  depth,  it  is  necessary  to 
increase  the  size  of  spuds  to  withstand  the  bending  stress  due  to 
greater  leverage.  As  regards  slower  speed  of  working  at  increased 
depth,  the  introduction  of  wire-rope  hoist  has  served  to  reduce  this 
disability,  and  it  is  now  possible  to  build  a  dredge  with  rapid,  direct 
hoist  which  can  work  to  45  ft.  as  quickly  as  the  chain-hoist  dredges 
could  at  25  ft.  A  further  important  point  is  the  angle  of  lead. 
This  naturally  becomes  more  acute  as  the  depth  increases.  The 
wire-rope  hoist  contributes  a  great  advantage,  due  to  the  fact  that 
the  line  of  pull  is  tangent  to  the  periphery  of  a  very  large  sheave 
at  end  of  boom.  Thus  by  properly  proportioning  the  parts  an 
efficient  angle  of  lead  and  speed  of  working  can  be  maintained  for 
dredges  of  this  type  to  depths  of,  say  50  ft.,  if  necessary. 

The  difficulties  of  construction  imposed  by  modern  depth  require- 
ments of  50  to  55  ft.  are  fully  as  onerous  on  the  ladder  or  elevator 
dredge  as  on  the  dipper.  The  grapple  or  clamshell  type  is  not  handi- 
capped by  depth,  and  the  suction  type  also  can  work  readily  at 
these  depths.  These  latter  are,  however,  suitable  only  for  soft 
material,  and  it  is  still  a  problem  how  best  to  dredge  hard  material 
at  great  depths.  The  vrriter  believes  that  by  more  careful  adapta- 
tion to  the  increased  depth  requirements,  dipper  dredges  of  large 
power  can  be  built  that  can  better  meet  these  conditions  than  here- 
tofore, and  that  the  dipper  dredge  will  find  a  continued  development 
in  this  direction. 

No  radical  improvement  has  been  made  in  the  dipper  dredge 
during  the  past  ten  years.  The  principal  point  that  might  be  men- 
tioned is  the  increasing  use  of  steel-wire  rope  for  hoisting  the 
dipper;  a  single  direct-hoisting  rope  of  lai'ge  size  being  used  instead 
of  three  parts  of  chain  with  their  accompanying  sheaves.  The 
object  of  this  is  to  reduce  the  loss  by  friction  of  the  chain  and 
sheaves,  and  to  increase  the  speed  of  working. 

Reviewing  the  advance  made  in  dipper-dredge  practice  during 


PLATE  XVI.     VOL.  LIV.      PART  C. 

TRANS.   AM.   SOC.   CIV.    ENGRS. 

INTER.   ENQ.   CONG.,  1904. 

ROBINSON   ON 

DREDGES. 


Fig.  1   -1)ii'pki!  Dredge  No.  4.    Montreal  H^i 
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Fig.  2.— Twelve- Yard  Dipper  Dredge  "Ononuaca.  '    Nkw  York  Hahboir. 
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the  last  decade,  it  may  be  said  that  the  average  size  of  dipper  has 
increased  from  3  to  about  G  cu.  yd.,  with  occasional  examples  double 
these  sizes.  In  these  large  sizes,  designs  which  answered  very  well 
in  the  small  sizes  are  not  now  applicable.  The  use  of  wire  rope  has 
extended  and  the  quality  of  dredges  recently  built  has  been  im- 
proved. The  general  practice,  however,  lacks  uniformity  and  system, 
and  a  dredge  without  some  defects,  more  or  less  serious,  is  rare. 
Much  still  remains  to  be  done  in  the  direction  of  simplicity  and 
reliability  in  service  and  better  engineering. 

The  Hydraulic  or  Suction  Type  of  Dredge. 

This  type  of  machine  has  been  well  known  for  a  number  of  years 
and  we  owe  its  origin,  like  the  elevator  dredge,  to  Europe.  The 
development  in  America  during  the  past  ten  years  has  resulted  in 
the  evolution  of  one  or  two  special  types  which  are  worthy  of  note. 

The  hydraulic  dredge  may  be  divided  into  four  types: 

1. — The  sea-going,  hopper  type  without  anchorage; 

2. — The  lateral-feeding,  or  ship-channel  type,  with  five  or  six 
mooring  lines  attached  to  anchors; 

3. — Forward-feeding,  or  Mississippi  type,  with  one  or  two  for- 
ward mooring  lines  attached  to  anchors; 

4. — The  radial  feeding  with  spud  anchorage. 

These  again  may  be  subdivided  into  different  classes — such  as 
those  fitted  with  plain  suction-pipes,  water-jet  agitators  or  mechani- 
cal agitators.  Those  of  each  type  may  also  have  hulls,  either  of 
rectangular  or  barge  shape,  or  may  be  built  in  the  form  of  sea- 
going vessels,  and  may  be  self-propelling  or  otherwise.  Any  of 
these  dredges  may  also  be  built  to  load  into  barges  alongside,  as  well 
as  to  pump  through  floating  pipes  or  into  their  own  hoppers.  A 
great  variety  of  combinations  may  thus  result. 

Much  progress  has  been  made  during  the  last  ten  years  in  the 
development  of  this  type  of  dredge.  This  development  has  been 
more  marked  in  the  sea-going,  hopper  type  and  in  the  forward- 
feeding,  or  Mississippi  type.  Ten  years  ago  there  were  but  three 
or  four  sea-going,  hopper  dredges  on  the  Atlantic  Coast  and  these  ' 
of  small  size.  When  those  now  building  are  completed  there  will 
be  seventeen.  Among  the  early  ones  were  the  Gedney  and 
Charleston. 
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These  vessels  though  small  in  size  and  with  comparatively  simple 
machinery,  proved  to  be  an  efficacious  means  for  deepening  ocean 
bars,  and  it  was  a  natural  development  to  increase  the  niimber  and 
capacity  of  such  machines  to  meet  the  requirements  of  the  various 
harbors.  These  early  dredges  were  followed  by  the  Cape  Fear, 
Winyah  Bay,  Oomstoch,  and  several  others  of  similar  size  and 
arrangement,  all  fitted  with  35-in.  pumps  and  all  built  for  and 
operated  by  the  Corps  of  Engineers,  U.  S.  A.  In  1899  the  improve- 
ment of  the  entrance  to  the  Harbor  of  New  York  on  a  large  scale, 
was  decided  on  and  a  single  contract  for  the  removal  of  40  000  000 
yd.  was  awarded.  This  gave  the  opportunity  to  construct  two  very 
large,  hydraulic,  hopper  dredges,  and  resulted  in  the  Mills  and 
Thomas*  They  possess  some  of  the  features  of  the  sand-pump 
dredgers,  BrancJcer  and  Crow,  which  have  done  such  successful  work 
for  the  Port  of  Liverpool,  but  are  of  somewhat  larger  size  being 
52  ft.  6  in.  beam  and  300  ft.  long,  while  the  hoppers  have  a  capacity 
of  2  800  cu.  yd. 

The  greater  number  of  the  small,  sand-pump,  hydraulic  dredges 
in  the  United  States  are  built  of  wood.  The  argument  in  favor 
of  wood  is,  that  it  is  more  elastic  in  case  of  pounding  on  a  bar 
than  steel,  and  when  sheathed  is  considered  to  be  more  durable  than 
steel  in  the  semi-tropical  waters  of  the  South  Atlantic.  The  in- 
creasing scarcity  of  wood  is,  however,  causing  it  to  be  abandoned 
in  favor  of  steel. 

At  the  present  time  there  are  ten  sea-going,  hopper  dredges, 
mostly  of  small  size,  either  under  construction  or  recently  com- 
pleted for  the  TJnited  States  Corps  of  Engineers. 

These  dredges  will  be  made  the  subject  of  a  special  paper  to  be 
presented  at  this  Congress  by  Major  J.  C.  Sanford,  Corps  of  Engi- 
neers, under  whose  direction  much  of  the  work  has  been  done. 
They  are,  therefore,  not  further  referred  to  here. 

The  Lateral-Feeding,  Ship-Channel  Type. — This  type  is  exempli- 
fied by  one  example,  the  dredge,  J.  Israel  Tarte,  on  the  River  St. 
Lawrence.t  This  dredge  was  designed  by  the  writer  specially  to 
suit  the  local  conditions  on  the  River  St.  Lawrence,  and  is  capable 
of  making  a  cut  700  ft.  wide  and  45  ft.  deep  at  one  time.    The  hull 

*  See  Engineering  News,  February  14th,  1901.  for  description  of  these  vessels. 
tSee  Transactions,  Can.  Soc.  C.  E.,  Blarch,  1904,  for  an  extended  description  of  this 
dredge. 
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Fig.  1.— Hydraulic  Dredge  "J.  Israel  Tarte."    River  St.  Lawre.n'ce. 


Fig.  2.— Twenty-Inch  Hydraulic  Dredge  "King  Edward."    Victoria,  B.  C. 
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is  of  steel,  160  ft.  by  42  ft.  by  12  ft.  6  in.  deep,  and  the  main  dis- 
charge pipe  is  36  in.  diameter  by  2  000  ft.  long.  The  dredge  is 
operated  entirely  by  wire-rope  anchorages  and  the  suction-pipe 
passes  through  a  well  in  the  center  of  the  vessel.  The  material 
in  which  this  dredge  works  is  soft,  blue  clay,  and  it  is  excavated 
by  a  mechanical  cutter.  The  mooring  ropes  are  arranged  in  such 
a  way  that  the  operation  is  practically  continuous.    The  two  principal 
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Fig.  3. 


points  of  novelty  in  this  dredge,  and  which  entitle  it  to  the  distinc- 
tion of  marking  an  advance  over  previous  practice,  are : 

First. — The  ability  to  make  mechanically  a  cut  in  blue  clay  700 
ft.  wide  at  one  time. 

Second. — A  floating  pipe-line  capable  of  withstanding  some 
stress  of  weather  and  wave  action.     (See  Eig.  4.) 

These  two  features  cannot  fail  to  widen  considerably  the  sphere 
of  usefulness  of  this  type  of  dredge  where  such  requirements  exist. 
This  dredge  also  has  the  distinction  of  making  what  is  believed 
to  be  the  largest  output  of  any  dredge  in  the  world  under  similar 
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conditions,  working  by  the  month.  This  output  was  Y5Y  100  cu.  yd. 
of  blue  clay  in  26  working  days  from  a  depth  of  35  ft.,  delivered 
2  000  ft.,  and  was  accomplished  in  the  month  of  September,  1903. 
This  dredge  is  illustrated  in  Fig.  1,  Plate  XVII,  and  a  diagram  of 
its  operation  in  Fig.  3.  Its  work  consists  in  deepening  and  widen- 
ing the  existing  channel  through  Lake  St.  Peter.  It  has  demon- 
rtrated  its  ability  to  deepen  this  channel  4  ft.  at  the  rate  of  a 
mile  and  a  half  per  month,  at  a  width  of  325  ft. 

The  Forioard-F ceding,  or  Mississippi  Type. — The  forward-feed 
type  of  hydraulic  dredge  adapted  for  shallow  work  in  alluvial  rivers 
is  here  termed  the  Mississippi  type,  because  it  has  received  its 
greatest  development  on  that  river;  the  conditions  of  navigation  on 
the  Mississippi  are  such  that  at  extreme  low  water  the  ever- 
changing  and  frequently-forming  sand  bars  make  navigation  very 
difficult.  In  1892  the  subject  of  dredging  as  an  available  means  of 
improvement  was  taken  up  by  the  Mississippi  Piver  Commission, 
but  at  that  time  the  feasibility  of  such  a  method  when  applied  to 
such  a  vast  river  as  the  Mississippi  was  greatly  doubted.  It  was 
decided  to  construct  an  experimental  dredge  and  a  committee  of 
two,  composed  of  Colonel  Charles  R.  Suter,  and  the  late  Colonel 
Henry  Flad  were  entrusted  with  the  work.  It  was  realized  that 
a  much  larger  capacity  of  pump  than  anything  that  had  been  previ- 
ously attempted  would  be  necessary,  and  the  15-in.  machines  that 
were  then  in  use  would  be  valueless.  Plans  were  drawn  for  a 
dredge  which  would  have  four  times  the  capacity  of  those  then  in 
use,  and  resulted  in  the  building  of  the  dredge  Alpha. ,  Preliminary 
tests  of  the  Alpha  were  made  in  1893,  and  the  first  effort  to  im- 
prove navigation  in  1894.  This  dredge,  although  imperfect  in  many 
ways,  demonstrated  its  ability  to  make  a  passage  through  a  bar  at 
low  water  with  sufficient  effectiveness  to  afford  temporary  relief 
for  passage  of  steamers,  and  upon  the  experience  thus  gained  the 
requirements  for  the  succeeding  dredges  were  formulated.  In 
1894,  the  Mississippi  River  Commission  issued  these  requirements 
with  invitation  for  competitive  designs  and  proposals  to  furnish 
a  dredge  of  large  capacity.  Out  of  a  number  of  designs  submitted, 
three  were  finally  selected  and  ordered  built  with  the  avowed  object 
of  putting  them  to  the  test  and  ascertaining  their  respective  merits. 
These  three  designs  were  prepared  by  Lindon  W,  Bates,  The  New 
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York  Dredging-  Company  and  the  writer,  and  resulted  in  the  con- 
struction of  the  Beta,  Delta  and  Gamma,  respectively.  The  history 
of  these  dredges  and  subsequent  ones  is  exceedingly  interesting,  and 
with  the  results  which  have  been  obtained,  constitute  a  record  of  the 
jnost  extensive  experimental  work  in  dredging  which  has  anywhere 
been  made.  Being  carried  on  by  the  Government,  the  purely  ex- 
perimental observations  were  much  more  extensive  and  thorough 
than  would  be  possible  under  private  auspices,  and  the  results  have 
been  fully  published.  A  detailed  description  of  the  dredges  and 
their  performance  up  to  1898,  will  be  found  in  a  paper  by  J.  A. 
Ockerson,  M.  Am.  Soc.  C.  E.,  on  "Dredges  and  Dredging  on  the 
Mississippi."*  Many  further  data  are  also  given  in  the  successive, 
annual  reports  of  the  Chief  of  Engineers,  U.  S.  A.  The  subject  is 
also  brought  up  to  date  with  much  additional  information  in  a 
paper  by  F.  B.  Maltby,  M.  Am.  Soc.  C.  E.,  U.  S.  Assistant  Engineer, 
which  is  presented  at  this  Congress.  The  subject,  therefore,  is  not 
gone  into  here  in  detail. 

These  dredges  have  demonstrated  that  it  is  entirely  practicable 
to  improve  the  navigation  of  an  alluvial  river  by  dredging,  and 
that  after  an  opening  is  once  formed  through  the  sand  bar,  it  can 
be  maintained  with  comparatively  little  dredging,  full  advantage 
being  taken  of  the  natural  erosion  of  the  current. 

These  dredges  being  in  service  only  a  short  time  during  the  low- 
water  season  have  not  had  the  test  as  to  durability  that  other  dredges 
would  have  that  are  required  to  work  continuously,  and  on  account 
of  this  intermittent  service  and  great  first  cost,  they  can  properly 
be  only  built  and  operated  by  the  Government. 

The  Radial-Feeding  Type.- — This  type  of  hydraulic  dredge  is 
usually  anchored  by  one  or  more  spuds  which  serve  as  an  anchorage, 
the  suction-pipe  making  a  radial  cut  on  an  arc  of  a  circle  about 
the  spud  as  a  center.  A  number  of  dredges  of  this  type  have  been 
built  during  the  last  few  years,  and  their  field  of  operations  appears 
to  be  increasing.  The  use  of  mechanical  excavators  enables  this 
tjrpe  of  dredge  to  deal  effectively  with  material  other  than  sand 
and  has  consequently  greatly  widened  its  sphere  of  usefulness. 
Various  kinds  of  rotary  cutters  have  been  used  with  greater  or 
less  success,  and  the  United  States  Patent  OflBce  furnishes  a  remark 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XL,  p.  215. 
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able  array  of  devices  of  this  kind,  but  few  of  which  possess  positive 
merit.  For  the  lighter  kinds  of  material  almost  any  form  of  bladed 
agitator  will  answer  the  purpose,  but  when  the  material  becomes 
more  difficult  as  in  hard,  tenacious,  or  sticky  clay,  it  is  necessary 
not  only  to  make  the  cutters  very  strong  but  to  adapt  them  to  the 
conditions  carefully  so  as  to  avoid  clogging.  In  this  class  of 
work  the  pumping  apparatus  is  employed  for  transportation  pur- 
poses only,  the  excavation  being  done  by  mechanical  means.  It  is 
reasonable  to  suppose  that  with  adequate  mechanical  means  for 
excavating  and  disintegrating  the  material  into  pieces  small  enough 
to  pass  freely  through  the  pump  and  feeding  it  into  the  mouth 
of  the  suction-pipe,  that  any  class  of  material  which  can  be  so 
treated,  can  be  worked  by  this  t3^e  of  dredge  advantageously. 
Much  improvement  has  been  made  in  the  direction  of  accomplish- 
ing these  objects,  but  much  still  remains  to  be  done,  and  at  the 
present  stage,  the  efficiency  of  the  suction-dredge  as  a  type  is  very 
sensitive  to  the  class  of  material  which  it  is  working,  that  is  to  say. 
under  favorable  conditions  with  good  material,  which  can  be 
handled  in  large  quantities,  a  large  output  at  low  cost  per  cu.  yd. 
can  be  reached,  but  if  the  same  dredge  be  put  into  more  difficult 
material,  the  output  may  fall  off  very  rapidly  so  that  the  work 
becomes  much  more  costly.  Several  of  the  older  contracting  firms 
on  both  the  Atlantic  and  Pacific  Coasts  now  own  dredges  of  this 
type  of  large  capacity,  which  are  capable  of  pumping  material 
ashore  to  distances  of  from  2  000  to  5  000  ft.  They  are  thus  useful 
in  reclaiming  land  as  well  as  in  deepening  the  channels.  In  many 
cases  they  are  used  to  dispose  of  material,  which  may  be  brought 
to  them  in  dump  scows  from  another  dredge  at  a  distance,  and 
pump  this  material  ashore  where  it  would  be  of  use.  A  dredge 
belonging  to  the  Atlantic,  Gulf  and  Pacific  Company,  working  at 
Oakland,  Cal.,  has  successfully  delivered  material  through  6  170  ft. 
of  pipe  of  20  in.  diameter.  Another  dredge  built  by  the  same 
company  for  the  Baltimore  Water-Works  has  pumped  through  a 
pipe-line  10  797  ft.  long.*  Part  of  this  pipe-line  was,  however, 
down  hill  to  the  extent  of  10  ft.  negative  head.  The  pressure  at 
the  pump  is  stated  to  have  been  28  lb.  per  sq.  in. 

In  Fig.  2,  Plate  XVII,  is  shown  a  dredge  of  this  type  in  the  Har- 

*See  Engineering  Record.  March  5th,  1904,  for  data  of  this  dredge. 
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bor  of  Victoria,  B.  C,  the  material  being  used  for  filling  in  behind  a 
retaining  wall  and  thus  adding  a  piece  of  land  in  one  of  the  most 
valuable  portions  of  the  city.  This  is  a  self-propelling  dredge 
called  the  King  Edward."^  It  has  a  composite  hull,  and  is  fitted 
with  a  20-in.  pump,  triple-expansion  engines  and  water-tube  boilers. 

In  Plate  XVIII  is  illustrated  the  dredge  Atlantic.  This  is  a 
radial-feed  dredge  with  spud  anchorage  and  mechanical  cutter  all  in 
the  form  of  a  complete  self-propelling  vessel  with  steel  hull.  This 
vessel  is  a  good  example  of  the  manner  in  which  contractors'  plant 
is  expanding  to  meet  modern  conditions.  This  vessel  was  built 
for  contract  work  by  the  North  American  Dredging  Company  of 
San  Francisco,  Cal.,  at  Camden,  N.  J.,  in  1903,  and  proceeded  to 
Galveston,  Tex.,  where  she  is  now  at  work.  The  same  company 
possesses  a  similar  vessel  on  the  Pacific  Coast  called  the  Pacific. 

In  the  matter  of  details  of  the  hydraulic  type  of  dredge  much 
improvement  has  been  made  in  the  last  few  years  as  the  result  of 
experience.  Those  concerned  in  the  operation  of  dredging  machines 
will  realize  the  fundamental  importance  of  good  details.  The  value 
of  a  dredge  lies  in  its  capacity  to  maintain  a  high  average  output, 
and  this  can  only  be  done  when  the  general  plan  is  good  and  when 
every  detail  is  well-designed  and  faithfully  carried  out,  so  that  it 
can  be  depended  upon  not  to  give  trouble.  Many  dredges  may  be 
80  to  90%  good,  but  the  10  or  20%  of  poor  details  robs  them  of 
opportunity  to  do  good  work.  With  good  desig-n  the  internal  causes 
of  delay  in  this  type  of  dredge  may  be  confined  to  replacing  parts 
subject  to  wear.  The  wear  on  the  interior  of  a  pump  is  not  now 
as  serious  a  matter  as  it  was.  The  greatest  wear  occurs  with  sharp 
sand  mixed  with  stones,  and  the  least  with  clay  or  mud.  Wear  on 
the  interior  of  a  pump  may  be  greatly  reduced  by  designing  it  so 
that  the  flow  is  nearly  uniform  in  velocity  and  does  not  impinge 
strongly  on  any  one  point.  Large  space  in  the  volute  is  very 
desirable.  Stones  flying  from  the  periphery  of  the  runner  will 
wear  the  pump  much  less  if  they  pass  into  n  body  of  water  moving 
at  proper  velocity.  The  pump-runner  should  always  be  of  steel  of 
the  enclosed  type.  The  vanes  should  not  be  too  close  together 
otherwise  small  passages  and  greater  friction  will  result.  The 
passages  should  be  large  and  have  no  sharp  bends  and  should  be 


*See  Transactions,  Can.  Soc.   C.  E.,  Vol.  XVII,  1903    for   a    detailed  description 
of  this  dredge. 
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parallel  toward  the  periphery,  not  tapering  as  is  usual  in  a  water- 
pump.  This  results  in  slight  loss  of  efficiency  but  is  necessary 
to  prevent  solid  objects  from  sticking  in  the  pump.  The  pump  shaft 
should  be  strong  and  stiff  and  supported  independently  of  the 
sleeve  or  stuffing-box  in  the  pump.  The  passages  through  the  pump 
should  always  be  slightly  larger  than  the  openings  into  the  mouth 
of  the  suction-pipe,  otherwise  obstructions  will  lodge  at  the  pump. 
For  most  purposes  the  side-suction  pump  is  to  be  preferred  for 
the  reason  that  it  gives  larger  passages  with  easier  bends  than  the 
double-suction.  It  also  affords  the  simplest  combination  with  a 
triple-expansion  marine  type  of  engine,  which  for  ordinary  condi- 
tions is  the  best  motive  power  at  this  writing,  although  there  are 
indications  that  other  motors  will  find  an  application  in  the  near 
future.  The  chief  advantage  in  the  double-suction  pump  is  that  it 
is  balanced  and  consequently  does  not  need  a  thrust  bearing.  This 
advantage  is,  however,  less  important  than  those  above  stated  for 
the  side-suction,  and  is  subject  to  the  further  objection  of  increased 
internal  friction  surface  and  obstruction  of  the  suction-pipe  by  the 
shaft.  There  is  no  difficulty  in  applying  a  marine-thrust  bearing 
to  the  shaft  for  the  side-suction  pump  and  the  end-thrust  is  trifling 
if  compared  to  that  due  to  a  screw  propeller  where  all  the  work  is 
converted  into  end-thrust.  Moreover  it  is  possible  to  design  a  side- 
suction  pump  so  that  the  end-thrust  is  nil.  Double-suction  pumps 
have,  however,  found  much  favor  on  the  Mississippi  River  dredges 
as  described  in  Mr.  Maltby's  paper,  and  have  given  higher  efficiency 
than  the  single-suction  pump  of  the  Delta,  which  is  in  fact  the 
only  side-suction  pump  of  note  on  the  river.  The  writer  thinks, 
however,  that  this  difference  is  due  to  causes  other  than  the  arrange- 
ment of  the  suction  as  a  comparison  of  the  designs  will  show.  There 
are  also  local  reasons  favoring  the  adoption  of  the  double-suction 
pump  on  the  Mississippi.  These  dredges  reqviire  two  suction-pipes 
in  any  case  and  horizontal  engines  are  preferable  on  account  of 
shallow  hull  and  limited  head-room.  Furthermore,  narrow  passages 
in  the  pump  are  not  a  vital  objection  on  these  dredges  as  the 
material  is  sand  only.  Therefore  questions  of  symmetry  of  design 
will  justify  the  adoption,  in  this  case,  of  the  double-suction  pump 
and  a  horizontal  engine  on  each  side. 

The  floating  pipe-line  of  the  hydraulic  dredge  continues  to  be 
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Fig.  2.— Shovel  Loading  Train  of  Small  Cars. 
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cross  section  of  floating  pipe  line 
Fig.  4. 


a  subject  for  experiment. 
In  quiet  waters,  thin-sbeet 
steel  pipes  and  almost  any 
kind  of  a  float  will  answer 
the  purpose.  The  wear  on 
these  pipes  is  slight  even 
in  sand,  and  when  thin 
they  deteriorate  more  from 
rust  than  from  wear.  For 
heavier  work  and  in  ex- 
posed situations  the  sec- 
tions   should    be    in    long 

lengths  and  solidly  built.  A  successful  example  of  heavy  pipe-line 
for  work  in  waves  is  found  in  the  dredge  J.  Israel  Tarte,  already 
referred  to  in  this  paper. 

The  question  of  power  and  efficiency  of  the  hj'draulic  dredge  is 
one  which  varies  between  wide  limits.  An  efficiency  in  the  pump 
of  60  to  65%  is  all  that  can  be  fairly  expected,  although  some  pumps 
on  the  Mississippi  showed  74%,  but  were  deficient  in  other  respects. 
The  power  required  depends  on  the  total  head  and  the  velocity  in  the 
pipe.  For  economy  in  power,  it  is  advisable  to  employ  as  low  a 
velocity  as  will  transport  the  material.  For  economy  of  dredging, 
however,  large  output  is  necessary,  and  hence  a  high  velocity  which 
is  wasteful  in  power  but  productive  of  more  work  is  frequently 
adopted.  A  velocity  of  7  ft.  per  sec.  in  clay  or  mud,  and  10  ft.  in 
sand  will  give  good  results,  but  12  to  16  ft.  are  sometimes  employed 
for  moderate  distances  and  large  output  regardless  of  economy. 

The  question  is  often  asked,  what  percentage  of  solid  matter 
can  be  carried?  This  cannot  be  answered  definitely.  It  may  vary 
from  0  to  75%,  or  even  more.  Favorable  material  at  short  distances 
can  be  pumped  with  only  enough  water  to  lubricate  it  on  its  passage. 
On  the  other  hand  should  the  material  become  difficult,  the  per- 
centage may  fall  off  to  a  small  figure.  In  general  it  may  be  said 
that  it  is  less  difficult  to  transport  a  large  percentage  through  a 
pipe-line  than  it  is  to  introduce  it  there  uniformly  and  without 
choking.  Therefore  the  appliances  for  mooring  and  feeding  the 
drtedge  imiformly,  and  for  digging,  cutting,  or  agitating  the 
material,  and  introducing  it  into  the  suction-pipe,  are  of  the  first 
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importance.  If  the  material  be  sand  or  mud  but  little  agitation  is 
necessary  and  sand  alone  can  be  pumped  up  in  large  quantities 
without  any  agitation,  but  depending  on  the  force  of  the  suction. 
On  the  Mississippi  dredges,  mechanical  agitators  have  been  dis- 
carded entirely  in  favor  of  water-jets.  This  because  in  free  sand 
the  water-jets  answer  every  purpose,  and  because  of  the  difBculty 
in  keeping  mechanical  cutters  free  from  break-downs  or  repairs. 
The  latter  difficulty  is,  however,  one  of  design  and  is  reasonably 
avoidable. 

"Reviewing  the  hydraulic  type  of  dredge,  great  progress  has  been 
made  during  the  past  decade  and  the  sphere  of  usefulness  of  the 
machine  as  a  type  widened.  The  recognized  effective  size  of  dredge 
for  pumping  ashore  has  increased  from  15-in.  pipe  to  30-in.  Shore- 
pipes  of  30-in.  diameter  are  now  used  in  several  examples,  and  at 
least  one  example  of  36-in.  is  in  use.  Entirely  floating  pipes  of 
36  in.  are  used,  and  the  writer  is  about  to  build  oTie  of  42  in.  Sand 
pumps  in  hopper  dredges  are  not  subject  to  the  limitation  of  hand- 
ling the  pipes  and  hence  can  be  made  any  size  that  is  desirable. 
Mechanical  cutters  have  been  improved  so  that  they  can  deal  with 
fairly  firm  material,  and  the  mere  increase  in  size  of  pumps  and 
pipes  has  served  to  reduce  the  difficulty  of  choking  with  obstruc- 
tions, etc.  British  and  Dutch  i^ractice  appears  to  be  still  limited  to 
sand-pumping,  and  for  firm  material,  resort  is  had  to  the  elevator 
bucket  type.  Pumps  have  been  made  more  durable  and  capable  of 
delivering  to  greater  distances.  The  floating  pipe-line  can  now  be 
built  in  more  seaworthy  manner,  so  that  it  can  be  used  in  rougher 
water  than  heretofore. 

Further  improvements  are  needed  in  greater  perfection  of  detail, 
n  wider  range  of  mechanical-cutting  apparatus,  a  better  method  of 
flexible  pipe-joint  than  the  rubber  sleeve  or  ball-and-socket,  and  a 
motor  for  the  pump  which  will  run  faster  than  the  triple-expansion 
engine  and  permit  of  smaller  and  better  pumps  to  be  used.  Such 
a  motor  will  be  developed  from  the  steam  turbine,  although  the 
present  state  of  the  art  does  not  admit  of  the  combination,  as  tur- 
bines are  not  yet  built  of  moderate  power  and  slow  speed  adapted 
for  direct  connection  to  dredging  pumps.  Electric  motors  will 
seldom  apply,  but  the  possibilities  of  the  oil  engine  as  doing  away 
with  boiler  and  accessories  should  not  be  overlooked. 
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Up  to  the  present  time  sand-pumping  lias  been  looked  upon 
as  the  special  and  favorable  field  for  the  hydraulic  dredge.  Sand, 
however,  on  account  of  its  tendency  to  precipitate  can  only  be 
carried  in  limited  quantities  and  causes  great  wear  and  abrasion. 
The  writer  believes  that  greater  possibilities  lie  in  working  clay 
soils  by  this  method.  A  much  higher  percentage  of  solid  matter 
can  be  pumped  long  distances  in  clay  than  in  sand  and  with  less 
wear.  Some  clays  become  fluid  enough  to  be  pumped  with  10% 
of  water,  or  just  enough  to  lubricate  them,,  and  are  of  a  soft  and 
unctuous  nature  so  that  they  will  slide  very  freely  in  a  discharge- 
pipe.  The  carrying  capacity  of  a  36-in.  pipe  with  S0%  solid  matter 
at  10  ft.  per  see.  velocity  is  7  400  cu.  yd.  per  hour.  The  writer 
thinks  that  this  rate  is  entirely  practicable  under  favorable  condi- 
tions as  far  as  pumps  and  pipes  are  concerned,  and  that  the  problem 
lies  in  gathering  the  material  at  the  inlet  and  disposing  of  it  at  the 
outlet. 

The  hydraulic  dredge  is  still  very  wasteful  in  the  matter  of 
power,  and  in  fact  all  types  of  dredge  are  wasteful,  the  useful  effect 
in  proportion  to  power  expended,  being  greatest  in  the  elevator 
dredge,  and  least  in  the  hydraulic  dredge.  Power  is,  however,  rela- 
tively cheap  and  not  the  most  important  factor  in  the  efficiency  of  a 
dredge.  In  a  hydraulic  dredge  most  of  the  power  is  expended  in  pump- 
ing a  large  quantity  of  water  through  a  long  pipe  at"  a  wastefully 
high  velocity,  and  accomplishing  the  transport  of  a  relatively  small 
quantity  of  material.  The  simplicity  and  effectiveness  of  the 
operation,  ho^^'ever,  is  such  that  it  is  more  economical  to  waste  power 
thus  than  to  adopt  other  methods  involving  less  power  but  more 
complication  and  cost  in  other  respects.  Much  may  be  done  to 
improve  matters  by  making  the  water  carry  its  maximum  load 
and  by  cultivating  high  efficiency  in  pumps  and  engines. 

The  Clamshell  or  Grapple  Type  op  Dredge. 

The  usual  type  of  clamshell  bucket  used  along  the  Atlantic  Coast 
is  that  illustrated  in  Fig.  1,  Plate  XIX,  which  is  a  bucket  manu- 
factured by  Theodore  Smith  and  Sons  Company  of  Jersey  City,  N".  J. 
It  is  operated  by  two  chains,  one  for  opening  and  one  for  closing. 
The  closing  chain  is  attached  to  the  periphery  of  a  wheel  or  sheave 
mounted  in  the  frame  and  arranged  in  such  a  way  that  a  powerful 
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closing  action  is  obtained.  These  machines  are  very  simple  and 
easily  operated  and  strain  their  spuds  less  than  the  dipper  dredge. 
They  are  worked  by  a  hoisting  engine  having  two  drums  side  by  side 
operated  by  friction  clutches.  The  two  chains  are  spaced  suffi- 
ciently so  that  by  varying  the  pull  upon  them  the  boom  is  caused 
to  swing  as  desired,  no  other  swinging  apparatus  being  necessary. 
This  type  of  dredge  is  well  adapted  to  soft  material  and  deep  water. 
Several  examples  exist  of  dredges  with  a  bucket  of  10  cu.  yd. 
capacity,  the  speed  of  working  being  about  the  same  as  a  dipper 
dredge. 

Many  variations  of  form  of  bucket  are  in  use,  some  circular  with 
four  leaves,  and  some  with  a  steam  or  air  cylinder  for  more  positive 
closing.  Special  forms  are  used  for  picking  up  stones  or  blasted 
rock.  A  bivalve  bucket  with  simple  arrangement  of  opening  and 
closing  ropes  is  shown  in  Fig.  2,  Plate  XTX. 

The  Steam  Shovel. 

This  type  of  excavator  is  introdiioed  here  because  it  forms  an 
important  chapter  in  the  history  of  the  development  of  American 
excavating  machinery.  The  opening  up  of  a  vast  interior  country 
required  the  construction  of  many  thousand  miles  of  railway,  and 
involved  various  works  in  which  dry  excavation  was  required  which 
afforded  a  scope  for  the  steam  shovel.  It  is  natural  that  this 
machine  should  find  its  greatest  development  in  America,  on  account 
of  the  stimulus  of  the  cost  of  manual  labor,  and  the  large  amount 
of  material  to  be  excavated  in  a  short  time  in  the  works  undertaken. 
There  is  a  continual  demand  for  greater  power  and  capacity  in 
almost  every  line  of  work,  and  in  this  respect  the  steam  shovel  is 
following  closely  the  locomotive  and  steamship.  During  the  past 
ten  years  the  hauling  capacity  of  locomotives  and  the  cargo 
capacity  of  steamships  may  be  said  to  have  doubled  and  the  same 
increase  is  true  of  the  steam  shovel.  Ten  years  ago  the  steam 
shovel  ordinarily  in  use  weighed  30  to  35  tons,  and  had  a  dipper  of 
1.5  cu.  yd.  capacity.  The  shovel  ordinarily  in  use  to-day  weighs 
60  to  70  tons  and  has  a  dipper  of  2.5  to  3  yd.  capacity.  Larger 
machines  have  been  built  up  to  90  tons  weight,  or  possibly  more, 
and  a  dipper  of  4.5  to  5  cu.  yd.  capacity.    The  capacity  of  a  shovel, 
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or  rather  the  size  of  a  dipper  is,  however,  limited  by  the  cars  for 
receiving  the  material  and  taking  it  away,  and  it  has  not  yet  been 
found  practicable  to  build  a  car  strong  enough  and  large  enough 
to  receive  the  discharge  from  a  5-yd.  dipper  in  rapid  succession  with- 
out considerable  loss.  A  modern  shovel  for  railway  purposes  has  a 
steel  car,  10  ft.  wide  by  about  36  ft.  long,  mounted  on  two  four-wheel 
trucks. 

It  has  a  dipper  usually  of  2.5  cu.  yd.  capacity  which  it  handles 
at  the  rate  of  four  times  per  minute.  In  Fig.  1,  Plate  XX,  is  illus- 
trated a  shovel  at  work  loading  a  train  of  cars  having  raised  sides. 
These  cars  hold  about  30  cu.  yd.  each,  and  are  handled  in  trains 
of  20  to  25  cars,  so  that  the  total  load  of  a  train  is  600  to  750  cu.  yd. 
To  work  these  machines  to  their  full  capacity,  it  is  necessary  to 
have  several  such  trains  hauled  by  powerful  locomotives,  and  a 
trackage  arrangement  so  that  they  can  be  fed  past  the  shovel  as 
nearly  continuously  as  possible.  The  railway  construction  work 
in  the  Central  and  Western  States  is  nearly  all  done  by  cars  of  large 
capacity  hauled  by  full-sized  locomotives.  In  the  Eastern  States 
and  for  contractor's  use,  however,  smaller  dump  cars  are  used, 
hauled  by  light  locomotives.  Such  a  train  of  cars  is  illustrated  in 
Fig.  2,  Plate  XX.  These  cars  hold  from  3  to  5  cu.  yd.  each,  and 
are  hauled  by  a  locomotive  weighing  25  tons  and  having  cylinders 
of  10  in.  diameter  by  14  in.  stroke.  They  have  the  advantage  of 
running  on  a  light,  temporary  track  which  can  be  easily  shifted  as 
required,  but  on  the  other  hand,  they  are  inadequate  for  handling 
large  volumes  of  material  in  a  wholesale  way  as  are  the  larger  cars 
and  locomotives.  In  Plate  XXI,  is  shown  a  large  shovel  loading  a 
train  of  ordinary  flat  cars.  Much  of  the  material  is  spilled  as  will 
be  seen. 

The  development  of  the  modern  American  shovel  has  evolved 
a  machine  of  great  strength  and  speed.  In  the  earlier  shovels  all 
the  motions  were  performed  by  one  pair  of  engines,  friction  clutches 
being  employed.  This  has  now  been  abandoned  in  favor  of  inde- 
pendent engines  for  each  motion  so  that  they  can  be  performed 
simultaneously  and  without  interruption  or  delay.  The  majority 
of  steam  shovels  now  in  use  employ  three  parts  of  chain  for  hoisting. 
For  the  high  power  and  high  speeds  now  required  with  heavy  chains, 
the  same  difRculties  occur  as  with   the  chain  hoist  in  the  dipper 
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dredge.  In  a  large  shovel  the  chain  will  weigh  a  ton  and  a  quarter, 
and  travels  at  a  speed  of  500  to  1  000  ft.  per  min.,  reversing  twice 
per  lift,  or  say,  8  times  per  minute.  Added  to  this  it  must  run 
over  six  sheaves  and  the  number  and  frequency  of  bendings  is  very 
great.  A  chain  makes  two  bends  passing  over  each  sheave,  one 
bend  going  on  and  one  bend  going  off.  In  a  machine  having  six 
sheaves  and  making  four  dippers  per  minute,  the  number  of  bendings 
for  the  entire  length  of  chain  will  therefore  be  96  to  100  per  minute. 
There  will  probably  be  300  links  in  the  chain,  so  that  the  number 
of  link  bendings  will  reach  the  astounding  number  of  about  30  000 
per  minute.  This  results  in  great  wear  and  tear  and  loss  of  power. 
A  new  shovel,  designed  to  obviate  this  loss  which  employs  direct 
■wire  rope  for  hoisting  somewhat  similar  to  the  dipper  dredges  before 
referred  to,  has  recently  been  brought  out  by  the  writer.  In  the 
dredges,  however,  three  sheaves  are  employed  to  guide  the  rope  to 
the  hoisting  engines  on  the  dredge.  In  this  shovel,  the  hoisting 
drum  with  its  engine  is  incorporated  in  the  base  of  the  boom  so  that 
there  is  but  a  single  sheave.  This  steam  shovel  is  illustrated  in 
Plate  XXII.  The  important  advantages  of  this  shovel  are:  direct 
application  of  power,  less  friction  and  wear,  better  angle  of  lead, 
shorter  boom,  higher  lift,  greater  speed,  and  longer  and  better  boiler. 

The  steam  shovel  is  used  for  other  purposes  than  construc- 
tion of  railroads.  Among  these  may  be  mentioned  the  excavation 
of  iron  ore.  The  vast  ore  deposits  of  the  Lake  Superior  region  are 
almost  wholly  handled  by  the  steam  shovel.  The  iron  mines  in  these 
regions  are  either  of  the  open  or  the  underground  description.  In 
the  open  mines,  the  steam  shovel  is  first  used  for  stripping  off  the 
superincumbent  material,  and  then  for  excavating  the  iron  ore  from 
Its  natural  bed  and  loading  it  directly  into  trains  for  shipment  to 
the  vessels  awaiting  it  on  the  Lakes.  At  the  underground  mines, 
the  shovel  is  used  for  loading  ore  from  stock  piles  on  the  surface 
into  cars  for  shipment.  All  this  work  is  done  at  a  cost  so  low  that 
it  has  been  an  important  factor  in  the  development  of  the  steel 
industry  of  America  by  keeping  down  the  cost  of  production. 

Comparing  the  American  type  of  shovel  with  the  French  and 
German  types  of  excavator  with  ladder  and  chain  of  buckets,  the 
advantage  is  in  favor  of  the  former  in  point  of  ability  to  do  rough 
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and  irregular  work.  The  American  machine,  capable  of  exerting 
a  pull  of  40  000  to  60  000  lb.  on  a  single  large  and  strong  bucket, 
can  do  more  effective  work  in  hard  material  than  a  chain  of 
buckets  which  are  necessarily  lighter  individually  and  of  less  power. 
Also  the  American  shovel  is  flexible  and  works  on  temporary  rails 
laid  on  uneven  ground,  while  the  European  machine  requires  a  fairly 
well-laid  track  of  five  rails.  As  to  capacity,  the  rate  is  the  same 
whether  we  use  a  single  bucket  of  2.5  cu.  yd.  four  times  per  minute, 
or  a  chain  of  buckets  0.75  cu.  yd.  thirteen  times  per  minute,  with 
the  advantage  in  simplicity  and  lightness  in  favor  of  the  single 
bucket.  On  the  other  hand,  the  European  machine  can  stand  on 
top  of  the  bank  and  dig  below  its  own  level,  while  the  American 
machine  must  stand  on  the  bottom  of  the  cut. 

The  British  type  of  shovel  is  called  a  "Steam  Navvy"  and  is  of 
two  kinds,  the  first  having  a  dipper  mounted  on  a  revolving  steam 
crane,  and  the  second  a  dipper  mounted  on  a  swinging  crane  attached 
to  a  stationary  car.  In  both  of  these  types  a  single  pair  of  engines 
is  made  to  perform  all  the  operations  by  means  of  clutches,  a  method 
now  obsolete  in  America,  and  the  machines  are  of  small  power  and 
slow  speed.  Also  the  British  machines  are  mounted  on  four  rigid 
wheels.  The  writer  thinks  two  trucks  of  eight  wheels,  as  in  Ameri- 
can practice,  much  more  flexible  and  better  adapted  to  uneven 
temporary  track  giving  less  concentrated  load. 

Reviewing  the  steam  shovel,  it  may  be  said  that  it  has  prac- 
tically doubled  in  size  in  the  past  decade,  keeping  pace  in  this 
respect  with  the  dipper  and  hydraulic  types  of  dredge.  Any  great 
further  increase  in  size  does  not  appear  probable  until  larger  and 
stronger  cars  are  used  to  receive  and  carry  away  the  material. 
Cars  40  ft.  long  and  of  100  000  lb.  capacity  are  now  used  as  ballast 
cars,  and  these  only  on  fairly  good  track.  For  conditions  in  which 
light  and  frequently  shifted  track  is  necessary,  small  cars  of  5  to 
10  cu.  yd.  capacity  each  will  continue  to  be  used,  and  therefore 
a  limit  put  upon  the  size  of  shovel.  Eor  ordinary  work,  therefore, 
a  dipper  of  2.5  cu.  yd.  for  a  5-yd.  car  and  3.5  cu.  yd.  for  the  larger 
cars  appears  to  be  most  desirable.  Shovels  of  100  tons  weight  and 
with  5-yd.  dipper  have  been  built,  but  as  yet  it  is  doubtful  if  the 
increased  power  and  capacity  obtained  compensates  for  the  loss 
in  speed  and  for  the  increased  difficulty  of  providing  cars  of  the 
necessary  size  and  strength. 
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In  point  of  efficiency  and  better  design  much  has  been  done,  but 
there  is  still  much  room  for  improvement.  The  unusual  demand 
for  shovels  during  the  past  three  years  has  furnished  a  market  for 
anything-  in  the  shape  of  a  shovel,  but  with  a  slacker  demand  and 
more  competition  a  better  standard  of  design  and  workmanship 
will  prevail.  No  machine  in  the  world  is  subject  to  harder  and 
rougher  service,  and  as  a  rule  is  as  little  cared  for,  consequently 
a  certain  amount  of  wear  and  interruption  is  to  be  looked  for,  but 
at  present  the  majority  of  breakdowns  are  due  to  preventible  causes. 
Competition  between  the  builders  to  produce  a  low-cost  shovel  has 
been  responsible  for  much  lack  of  excellence.  Intelligent  users  now 
realize  that  the  best  is  none  too  good,  and  naturally  costs  more  at 
first,  but  less  in  maintenance. 

The  writer  has  endeavored  to  indicate  the  lines  on  which 
progress  is  being  made  in  dredging  and  excavating  machinery  in 
America,  and  to  place  on  record  his  impressions  of  the  present  state 
of  the  art.  The  subject  is  a  wide  one  and  much  has  doubtless  been 
omitted.  Compared  with  the  locomotive,  the  steamship,  or  other 
engineering  lines  of  wider  application,  this  art  is  backward.  This 
is  due  to  the  fact  that  a  comparatively  small  number  of  dredges 
are  required,  and  under  such  diverse  conditions  that  two  are  seldom 
alike.  Thus  development  is  slower  than  is  the  case  where  thousands 
of  examples  are  being  built,  and  many  minds  are  gathering  data 
and  concentrating  their  efforts.  Great  as  are  the  results  now  ob- 
tained, the  next  decade  will  witness  a  greater  ratio  of  improvement. 
The  transition  from  the  early  pioneer  methods  to  the  larger  and 
more  powerful  appliances  of  the  skilled  engineer  has  begun,  and  the 
growing  wealth  of  nations  furnishes  at  once  the  financial  means 
and  the  commercial  necessity  for  the  accomplishment  of  trans- 
portation projects  hitherto  deemed  impossible.  The  improved 
development,  therefore,  of  the  machines  described  in  this  paper  is 
of  vital  importance  in  making  it  possible  for  works  of  magnitude 
to  be  done  quickly  and  cheaply,  and  in  opening  up  the  avenues  of 
trade  and  commerce  throughout  the  world. 
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DREDGING  OCEAN  BARS. 

By  J.  C.  Sanford,  Maj.,  Corps  of  Engrs.,  U.  S.  A. 


In  his  excellent  review  of  the  progress  made  during  the  past 
ten  years  in  all  classes  of  dredges,  A.  W.  Robinson,  M.  Am.  Soc. 
C.  E.J  considers  four  types  of  the  hydraulic  or  suction  dredge. 
The  present  paper  will  have  to  do  mainly  with  the  first  of  these 
types,  namely,  the  sea-going,  hopper  type,  without  anchorage,  and 
will  consider  particularly  the  development  of  this  type  within  the 
past  twenty  years  in  the  United  States. 

This  development  has  resulted  from  experience  and  repeated 
failures  in  attempting  to  use  on  ocean  bars  and  in  other  exposed 
localities  dredges  of  the  dipper  or  grapple  type,  with  auxiliary 
plant  for  the  removal  of  material  dredged.  In  every  such  case,  as 
far  as  known,  the  result  has  been  either  that  the  various  pieces  of 
floating  plant  have  been  soon  worn  out  or  destroyed  by  pounding 
against  each  other,  or  that,  in  endeavoring  to  avoid  such  injuries 
by  working  only  in  very  quiet  weather,  the  work  has  been 
excessively  slow  and  costly. 
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The  earliest  dredge  of  this  type  used  in  the  United  States  was, 
it  is  believed,  the  Gen.  Moultrie,  used  in  1855  at  Charleston,  S.  C, 
in  the  Beach  Channel,  leading  from  the  ocean  to  the  harbor.  This 
dredge  is  stated  to  have  been  a  moderate  sized  commercial  steam- 
boat, converted  into  a  dredge  by  the  addition  of  centrifugal  dredg- 
ing pumps,  with  necessary  piping,  etc.,  and  with  bins  constructed  in 
the  hold.  Her  drags,  or  suction  heads,  were  probably  somewhat 
similar  to  those  now  in  use.  While  her  capacity  was  small,  her 
manner  of  working  was  practically  the  same  as  is  now  followed, 
and  the  location  of  her  work  was,  except  for  a  rather  deeply  sub- 
merged bar  on  the  ocean  side,  exposed  to  the  full  force  of  the  sea. 

In  18Y5  a  side- wheel  steamboat  was  purchased  by  the  Govern- 
ment and  converted  into  a  dredge  under  direction  of  the  late 
General  Q.  A.  Gillmore,  M.  Am.  Soc.  C.  E.,  Corps  of  Engineers, 
U.  S.  A.,  for  use  in  the  Savannah  River,  Ga.,  and  at  other  points 
un  the  South  Atlantic  Coast.  This  dredge  was  called  the  Henry 
Burden,  and  is  fully  described  in  the  "Annual  Report  of  the  Chief 
of  Engineers"  for  1875,  Part  2,  Appendix  U  3.  She  continued  in 
service  for  about  ten  years. 

In  18Y8  it  was  decided  to  improve  the  entrance  to  Charleston 
Harbor,  S.  C,  by  means  of  two  converging  jetties,  the  action  of 
which  in  deepening  the  Swash  Channel  across  the  outer  bar  it  was 
proposed  to  assist  by  dredging.  The  first  of  the  two  jetties  was 
begun  in  the  same  year.  During  the  construction  of  these  jetties, 
a  large  amount  of  dredging  on  the  outer  bar  was  done,  both  by 
contract  and  afterward  by  the  Government  dredge  Charleston,  con- 
structed in  1890.  The  price  paid  under  the  first  of  these  contracts 
was  30  cents  per  cu.  yd.  The  contractor  used  at  first  a  suction 
dredge  which  was  not  self-contained;  and  the  dump  scows  which 
were  used  with  her,  practically  pounded  her  to  pieces.  Under  the 
second  contract  the  contractor  used  the  hull  of  a  schooner  altered 
into  a  self-contained,  but  not  self-propelling,  suction  dredge,  a 
tugboat  being  used  to  tow  it  in  and  out  across  the  bar. 

None  of  the  dredges  used  before  1890  produced  great  results 
in  channel  deepening  or  did  work  at  what  would  now  be  con- 
sidered a  low  unit  cost.  Nevertheless  they  proved  clearly  the 
advantage  of  the  self-contained,  self-propelling  type  for  work  in 
water  even  moderately  rough.     From  25  cents  to  $1.00  per  cu.  yd. 
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Fig.  1.— U.  S.  Dredge  "Cape  Fear." 


Flo.  ^'.— U.  S.  Dredge  "C.  B.  Comstock." 
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for  material  dredged,  according  to  locality  and  amount  of  work, 
was  still  considered  a  fair  price  for  dredging  on  ocean  bars;  and, 
on  account  of  the  great  cost  of  dredging,  the  plan  of  deepening 
these  bars  by  scour  produced  by  jetties  was  regarded  as  the  only 
practicable  one. 

In  1880  the  necessity  of  deepening  the  entrance  channel  to  New 
York  Harbor  became  urgent,  due  to  rapid  increase  in  draft  of  the 
vessels  using  it.  Very  complete  surveys  were  made,  with  extensive 
current  and  tidal  observations,  for  the  purpose  of  basing  on  the 
results  a  project  for  producing  and  maintaining  an  entranoe  depth 
of  30  ft.  at  mean  low  water.  Several  tentative  projects  for  perma- 
nent works,  with  a  view  to  getting  these  results,  were  framed,  but 
were  all  found  to  be  either  too  expensive  or  to  present  serious  objec- 
tions, from  engineering  or  navigation  standpoints ;  and  it  was  finally 
decided  to  deepen  first  the  existing  main  channel  by  dredging  with 
a  view  to  determining  by  experience  whether  or  not  the  required 
depth  and  width  could  be  provided  and  maintained  at  reasonable 
cost  by  this  method.  The  dredging  to  be  done  was  partly  through 
the  main  or  outer  ocean  bar  (Gedney's  Channel),  and  partly  through 
the  Main  Ship  Channel,  inside  of  Sandy  Hook.  At  the  former 
locality,  the  material  to  be  removed  was  mainly  coarse  sand  and 
gravel,  and,  in  the  latter,  mud  and  fine  sand,  much  of  the  mud  being 
extremely  soft. 

In  1884  Congress  made  the  first  appropriation  for  this  work,  the 
project  contemplating  a  width  of  1 000  ft.,  with  the  above-men- 
tioned depth  of  30  ft.  Table  4  shows  with  whom  contracts  were 
made,  the  amount  and  location  of  dredging,  cost,  etc. 

Work  was  commenced  on  the  first  contract  on  September  26th, 
1885,  and  the  work  on  the  last  contract  was  completed  on  October 
10th,  1891,  covering  a  period  of  six  years  and  fourteen  days.  The 
material  removed  was  composed  largely  of  gravel  and  coarse  gray 
sand.  From  Table  4  it  is  seen  that  the  greater  part  of  the  work  was 
done  by  the  Joseph  Edwards  Company.  Some  of  the  dredges  used 
by  this  company  were  the  Reliance,  the  Advance  and  the  Mount 
Waldo. 

The  hull  of  the  sea-going  dredge  Tteliance  was  of  wood.  Her 
dimensions  were  as  follows: 
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Length 157  ft. 

Beam 37  ft. 

Depth  of  hold 16  ft. 

Twin  compound  engines  (15  +  26  by  22  in.)  each 
350  i.  h.  p. 

Two  Scotch  boilers  (11  by  12  ft.),  80  lb.  working 
pressure. 

Two  15-in.  Edwards  pumps,  belt-driven  by  single  hori- 
zontal condensing  engines  of  about  100  h.  p. 

The  carrying  capacity  of  the  dredge  was  about  650  cu.  yd.  per 
load.  The  average  number  of  loads  per  day  on  the  work  was  3;  the 
distance  from  the  work  to  the  dump  was  about  12  miles.  (This 
dredge  was  purchased  by  the  United  States  Government  in  1892, 
and  renamed  the  Gedney.  She  has  since  been  used  in  the  mainte- 
nance of  the  New  York  Harbor  channels.) 

The  dredge  Advance,  also  built  of  wood,  was  of  the  following 
dimensions : 

Length 132  ft. 

Beam 39  ft. 

Depth  of  hold 8  ft. 

Propelling  engine 1 

15-in.  pumps,  Edwards 2 

The  carrying  capacity  of  this  dredge  was  about  500  cu.  yd. 
The  wooden  dredge  Mount  Waldo  was  of  the  following  dimen- 
sions : 

Length 145  ft. 

Beam 31  ft. 

Depth  of  hold 11  'ft. 

Propelling  engine 1 

15-in.  pumps,  Edwards 2 

The  carrying  capacity  of  this  dredge  was  275  cu.  yd. 

Since  the  completion  of  this  work  the  cost  of  maintaining  the 
dredged  channel  to  full  width  and  depth  has  been  found  to  be  very 
moderate. 
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Sea-going  Dredges  Constructed  by  the  United  States  Govern- 
ment, 1890  to  1900. 
Owing  to  the  fact  that  no  contractor  owned  dredges  adapted  to 
rapid  and  economical  work  on  ocean  bars,  nor  could  afford  to  con- 
struct dredges  of  this  expensive  class  unless  assured  of  practically- 
continuous  work  for  them,  it  was  decided  about  1890  that,  in  order 
to  prosecute  vigorously  the  dredging  work  contemplated  in  connec- 
tion with  the  Charleston  Harbor  jetties,  it  would  be  advisable  for 
the  Government  to  construct  a  sea-going,  self-contained,  self-pro- 
pelling dredge  of  considerable  capacity,  which  would  be  well  adapted 
also  for  maintaining  the  channel  after  it  should  be  once  formed. 
The  dredge  was  built  in  1890  and  named  the  Charleston.  She  was 
of  light  draft,  was  adapted  to  w(^rking  in  a  moderate  sea,  and  had  a 
bin  capacity  of  about  340  cu.  yd.  She  had  one  dredging  pump  only, 
with  15-in.  diameter  suction  and  discharge.  In  designing  her,  the 
importance  of  minimizing  the  loss  of  time  in  going  to  and  from 
her  dumping  point  was  considered,  as  well  as  the  importance  of 
giving  her  as  great  a  capacity  as  was  practicable  within  the  limits 
of  available  funds.  As  a  result  of  these  considerations  she  was 
given  a  speed  of  about  9  knots.  At  that  time  it  was  expected  that  the 
locality  in  which  she  would  work  would,  at  all  times,  be  protected 
to  some  extent  from  seas  by  the  jetties  during  their  construction. 
In  1899  an  excellent  channel  had  been  produced  between  the  jetties, 
but  a  portion  of  the  material  scoured  out  by  them  had  deposited 
outside  of  their  outer  ends  to  such  an  extent  as  to  form  a  trouble- 
some bar.  Whenever  weather  permitted,  the  Charleston  was  utilized 
in  maintaining  the  channel  over  this  bar;  but,  owing  to  her  low  free- 
board, she  could  only  work  there  in  fair  or  moderate  weather.  As 
it  was  then  expected  that  most  of  her  future  work  would  be  on  this 
very  exposed  bar,  she  was  rebuilt  and  a  second  deck  added,  thus 
giving  her  greatly  increased  freeboard,  though  with  consequent 
increased  draft. 

While  she  was  being  rebuilt,  the  channel  which  she  had  en- 
deavored to  maintain  and  which  was  quite  unfavorably  situated  for 
maintenance,  as  it  was  on  the  side  of  the  bar  toward  which  the 
resultant  movement  of  the  sand  was  taking  place,  deteriorated  badly, 
and  the  line  of  deepest  water  was  deflected  so  much  that  the  main 
entrance  range  could  not  be  followed  by  vessels.     A  comparison  of 
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the  various  surveys  of  this  har  indicates  that  it  was  mostly,  if  not 
wholly,  caused  by  the  deposit  of  material  scoured  from  between  the 
jetties,  and  that  the  resultant  movement  of  the  sand  composing  it 
was  in  a  direction  making  an  angle  of  about  25°  with  the  entrance 
range.  The  bar  was  pear-shaped,  with  its  base  and  highest  portion 
parallel  to  the  entrance  range,  and  its  stem  joining  the  beach 
behind  the  north  jetty.  In  May,  1900,  it  was  decided  to  open  a 
channel  through  this  stem,  as  it  was  believed  that  the  bar  was  not 
being  added  to  from  the  north,  whereas  it  was  known  that  the 
resultant  drift  of  the  bar  was  in  a  southerly  direction.  At  the  point 
where  it  was  proposed  to  cut  the  channel,  there  was  a  least  depth  of 
15.9  ft.  at  mean  low  water,  whereas  in  the  crooked  cliannel  south  of 
the  bar  there  was  a  depth  of  about  18.5  ft.  The  work  of  the  Charleston 
since  May.  1900,  on  this  new  channel  has  not  been  continuous,  as  she 
has  been  sent  at  times  to  other  harboi's  where  emergency  work  was 
needed.  Surveys  show  that  during  such  absence  the  new  channel 
had  not  deteriorated.  On  the  other  hand,  the  total  quantity  of 
material  which  had  been  removed  by  the  dredge  and  by  the  tidal 
currents  from  this  new  channel  during  the  past  four  years,  was 
shown  by  a  recent  survey  to  have  been  50%  more  than  was  actually 
removed  and  dumped  by  the  Charleston.  The  channel  has  now  a 
depth  of  27  ft.  at  mean  low  water,  and  a  good  and  constantly 
increasing  width.  This  dredge  has  lost,  on  account  of  stormy 
weather  since  her  rebuilding,  but  a  very  small  percentage  of  the 
total  working  days.  The  cost  of  producing  and  maintaining  the 
new  channel  has  not  been  greater  than  would  have  been  the  cost  of 
maintaining  the  unsatisfactory,  comparatively  shallow  channel  on 
the  south  side  of  the  bar. 

The  successful  work  done  by  the  Charleston  from  the  time  she 
was  originally  constructed  has  led  to  the  building  of  a  nimiber  of 
similar  dredges  for  the  improvement  and  maintenance  of  various 
harbors  on  the  Atlantic  and  Gulf  Coasts.  All  those  constructed 
up  to  1900  were  given  a  similar  amount  of  freeboard,  as  it  was  not 
then  considered  that  work  could  be  accomplished  upon  an  ocean  bar 
during  storms.  Table  5  contains  data  regarding  all  the  dredges 
constructed  by  the  Government  in  this  period:  also  of  the  somewhat 
similar  dredge  Gedney.  purchased  by  the  Crovernment  in  1892. 

Figs.  1  and  2,  Plate  XXIV.  show  typical  dredges  of  this  class. 
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Fig.  1.— U.  S.  Dredge  "  Cumberland. '" 


i 

r 

.^ 

A 

m 

:^ 

N^ .(( * 

— 

ilL*. 
1  ■  ■ 

mL.^ 

^^ 

-  . 

^- 

- 

— 

Fig.  2.— U.  S.  Dredge   '' Burton/ 


dredging  ocean  bars.  311 

Sea-Goinq  Dredges  Constructed,  or  Under  Construction,  by  thk 
United  States  Government,  1901  to  September  1st,  1904. 

The  results  obtained  in  the  operation  of  the  dredges  already 
described,  proved  that,  by  the  use  of  such  dredges,  channels  could 
be  readily  deepened  across  ocean  bars  at  a  cost  per  cubic  yard 
which  compares  very  favorably  with  the  cost  of  contract  dredging 
in  the  most  sheltered  locations,  and  where  all  other  conditions  are 
conducive  to  economical  work;  also,  that  the  channels  thus  obtained 
could,  in  nearly  all  localities,  be  maintained  at  moderate  cost 
by  such  dredges.  This  has  led  to  a  decided  change  of  view  on  the 
part  of  many  engineers  as  to  the  necessity  for  constructing  expen- 
sive permanent  works  for  the  purpose  of  deepening  channels  over 
ocean  bars.  For  many  localities  it  is  believed  that  the  proper 
functions  of  jetties  should  be  simply  to  protect  and  maintain  a 
channel  after  this  channel  has  been  produced  by  dredging.  For 
many  other  localities,  where  the  littoral  movement  of  sand  is  com- 
paratively small,  it  is  believed  that  no  jetties  at  all  are  required, 
as  a  channel  can  be  produced  and  maintained  by  dredging  at  a  cost 
far  less  than  that  of  constructing  and  maintaining  jetties. 

Where  the  littoral  movement  of  sand  is  very  great,  jetties  or  a 
single  jetty,  may  be  necessary;  but  it  is  the  opinion  of  the  writer 
that  even  in  such  locations  the  jetties  should  be  designed  so  as  to 
give  little  or  no  contraction  across  the  bar.  The  results  of  too 
great  contraction  are  plainly  seen  in  the  bar  which  has  formed 
outside  the  Fads  jetties  at  the  South  Pass,  Mississippi  River,  in 
the  outer  bar  at  Charleston,  and  in  the  necessity  of  continually 
extending  the  parallel  jetties  of  the  Great  Lakes'  harbors,  or  of 
doing  each  year  a  constantly  increasing  amount  of  dredging. 

In  189S,  in  accordance  with  the  requirements  of  a  Congres- 
sional resolution,  a  project  was  prepared  and  subsequently  approved 
providing  for  securing  an  entrance  channel  to  Charleston  Harbor 
not  less  than  26  ft.  deep  at  mean  low  water.  This  project  provided 
for  building  a  large  sea-going  dredge  having  a  capacity  of  not  less 
than  4  000  cu.  yd.  per  day,  and  for  working  it  in  conjunction  with 
the  dredge  Charleston.  The  estimated  cost  of  the  proposed  dredge 
was  $150  000.  There  seemed  to  be  some  doubt  at  the  time  as  to 
whether  or  not  a  channel  could  be  maintained  by  dredging.  The 
project  had  provided  for  njierating  the  dredges  three  years,  and  it 
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was  added,  "if,  by  the  end  of  that  time,  it  was  found  that  the 
depth  of  26  ft.  could  not  be  maintained,  the  jetties  could  be 
extended."  Plans  for  the  proposed  dredge  were  made  and  pro- 
posals for  its  construction  called  for-,  but,  on  account  of  the  high 
prices  of  material  and  labor  at  that  time,  the  lowest  bid  far 
exceeded  the  authorized  cost.  In  1900,  under  somewhat  modified 
plans,  proposals  for  constructing  such  a  dredge  were  again  called 
for.  The  lowest  bid  being  satisfactory  in  amount,  the  construction 
was  begun,  but  was  attended  with  an  excessive  and  unusual  amount 
of  delay,  so  that  this  dredge  was  not  completed  until  1904.  In 
the  meantime  the  small  dredge  Charleston,  as  has  already  been 
described,  produced  a  somewhat  greater  depth  than  was  contem- 
plated in  that  project,  and  had  maintained  the  depth  and  gradually 
increased  the  width  without  difficulty.  The  new  dredge,  known 
as  the  Gen.  Ahhoi,  is  briefly  described  as  follows: 

Length  over  all 200  ft. 

Length  between  perpendiculars IS,*)  " 

Beam,  moulded 40  " 

Depth,   moulded 20  " 

Bin  capacity about  1  000  cu.  yd. 

Propelling   engines one  22  by  44  by  30-in. 

Boilers two  14  by  12-ft.,  by  125  lb. 

Pumping  engines two  12  by  22  by  15-in.  direct-con- 
nected to  18-in.  dredging  pumps. 

The  material  of  the  hull  is  wood.  Owing  to  the  increasing 
scarcity  of  the  larger  sizes  of  timber  suitable  for  ship  construction, 
it  is  not  believed  that  dredges  larger  than  the  Gen.  Ahhot  will  here- 
after be  constructed  of  wood.  This  material  was  selected  for  this 
dredge,  however,  on  account  of  its  superior  elasticity — an  important 
consideration  in  the  case  of  dredges  intended  to  work  in  rough 
seas  and  shoal  water  where  they  must  frequently  pound  on  bottom — 
and  on  account  of  the  greater  ease  of  repairs,  particularly  in  a 
section  of  country  devoid  of  large  shipbuilding  plants.  The  Gen. 
Ahhot  is  similar  in  most  respects  to  the  Charleston  as  rebuilt,  but 
much  larger,  her  bin  capacity  being  about  three  times  as  great. 

In  1901  a  dredge,  almost  identical  with  the  Gen.  Ahhot,  was 
planned  for  improving  the  entrance  to  Cumberland  Sound,  Georgia 


PLATE  XXVI.  VOL.  LIV.  PART  C. 

TRANS.  AM.  SOC.  CIV.  ENGRS. 

INTER.  ENQ.  CONG.,  1904. 

SANFORD  ON 
DREDGING  OCEAN  BARS. 


M'"''" 


f  \\ 


'I  3    '    *$• 


4 


f'-l 


j. 

Ij 

'      1 

i'''. 

ir 

•u 

h 


f\ 


I' 


'10  ■  ■ 


DREDGING    OCEAN    BAES.  313 

and  Florida,  on  which  the  Port  of  Fernandina  is  situated.  The 
construction  of  this  dredge  proceeded  much  more  rapidly  than  did 
that  of  the  Gen.  Ahhot,  and  she  was  completed  before  the  end  of 
1902.  She  has  since  been  doing  very  efficient  work  at  the  harbor 
for  which  she  was  built,  as  well  as  in  the  Savannah  River  and  in 
the  Delaware  River.  Her  best  record  is  about  8  300  cu.  yd.,  removed 
during  one  daylight  from  the  Cumberland  Sound  bar  and  dumped 
at  a  distance  of  about  1  mile.  The  material  was  coarse  sand  mixed 
with  shells.     This  dredge  is  shown  by  Fig.  1,  Plate  XXV. 

In  the  Gen.  Ahhot  and  C\iml)erland,  a  new  feature  was  intro- 
duced to  enable  them  to  work  in  depths  less  than  their  maximum 
loaded  draft,  and  the  same  feature  has  been  embodied  in  the  plans 
of  all  the  dredges  since  constructed  or  now  under  construction  by 
the  Government.  This  consists  in  providing  overflows  at  two 
different  levels,  so  that  the  dredge  can  be  loaded  to  the  level  of 
the  lower  overflow  and  no  water  carried  in  the  bins  above  this 
level,  if  desired.  It  is  in  this  way  that  the  Cumherland  has  been 
obliged  to  work  in  the  Delaware  River.  When  working  in  this 
manner  she  carries  about  half  the  maximum  load.  The  material 
in  which  she  has  worked  in  the  Delaware  has  been  extremely  soft 
mud,  only  a  part  of  which  could  be  made  to  settle  in  her  bins; 
nevertheless,  her  average  dredging  in  Aiigust,  1904,  has  been  about 
-1-  000  cu.  yd.  in  12  hours,  the  average  .distance  to  the  dump  being 
I2  miles. 

In  1902  a  project  was  prepared  for  obtaining  a  channel  40  ft. 
deep  at  mean  low  water  over  the  bar  outside  the  mouth  of  the 
Columbia  Ri'ver,  Oregon  and  Washington,  where  the  existing  depth 
was  about  22  ft.  This  is  probably  the  most  exposed  bar  on  any  of 
the  coasts  of  the  United  States.  During  storms  the  waves  break 
heavily  over  the  entire  8-mile  length  of  the  bar.  The  littoral 
movement  of  sand  along  this  coast  is  also  very  great. 

In  the  hearings  and  discussions  preliminary  to  the  preparation 
of  a  project,  the  opinion  was  expressed  by  many  experts  that  no 
dredge,  whatever  its  construction,  could  work  on  this  bar  during 
more  than  a  small  portion  of  the  favorable  season  of  the  year. 
It  was  generally  considered  that  it  would  be  useless  to  attempt 
it  with  a  dredge  of  small  or  even  moderate  sized  hull.  To  con- 
struct a  dredge  with  a  hull  not  less  than  about  400  ft.  in  length 
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would  take  too  long  a  time,  and  its  cost  would  be  greater  than 
the  Board  which  prepared  the  project,  thought  advisable  to  devote 
to  what  might  prove  an  unsuccessful  experiment.  About  this  time 
a  number  of  large  steamships  belonging  to  the  Army  Transport 
Service  had  been  placed  out  of  commission  at  San  Francisco,  Cal., 
and  it  was  thought  that,  if  one  of  these  of  large  tonnage  and 
i»ot  of  great  draft  could  be  transferred  to  the  Engineer  Depart- 
ment and  converted  into  a  dredge,  the  question  as  to  the  possi- 
bility and  practicability  of  dredging  on  the  Columbia  River  bar 
could  be  determined  without  too  great  cost  or  delay.  The  matter 
having  been  brought  to  the  attention  of  the  Quartermaster  General, 
it  was  decided  that  the  transport  Grant  should  be  transferred  for 
Ibis  purpose.  The  Grant,  formerly  the  S.  S.  Mohairh.  of  the 
Atlantic  Transport  Line,  was  built  in  Belfast,  Ireland,  in  1892. 
ITer  hull  is  of  steel.     The  following  are  her  principal  dimensions: 

Length 44."')      ft. 

Breadth 40       " 

Depth  of  hold :i4 

Draft,  light  (before  alteration) 1(1. 8  '■ 

Draft,  loaded  "  •_'.->.  8  •• 

Gross  tonnage .")  oOO  tons. 

Net  tonnage :!  004  tons. 

It  was  realized  by  the  Board  that  her  large  draft  would  seri- 
ously inconvenience  her,  as,  until  the  bar  shovild  be  somewhat 
deepened,  it  would  he  impossible  for  her  to  work  on  it  at  low 
water;  but  it  was  believed  that  this  inconvenience  would  not  be 
of  very  long  duration.  The  work  proposed  to  transform  her  into 
a  dredge  consisted  of  building  two  large  sand  bins  having  a  total 
capacity  of  3  600  cu.  yd.  in  what  had  been  her  cargo  spaces;  of 
constructing  and  installing  two  20-in.  dredging  pumps  and  appur- 
tenances (with  a  view  to  increasing  the  pumping  plant  subsequently 
if  found  advisable),  and  of  removing  the  auxiliary  machinery,  such 
as  refrigerating,  ice-making  and  ventilating  machinery,  which  was 
not  needed  for  her  proposed  service.  Only  such  changes  were  to 
be  made  in  the  arrangements  of  her  quarters,  etc.,  as  were  abso- 
lutely necessary,  as  it  was  considered  important  to  restrict,  as 
far  as  possible,  the  cost  and  time  of  the  work. 
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Fig.  1.— U.  S.  Dredge  "  Manhattan,'"  Ready  to  Launch. 


Fig.  2.— U.  S.  Dredge  "  Key  West,"'  Under  Construction. 
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FTer  transformation  was  begun  in  the  latter  part  of  February, 
1002,  at  ]\rare  Island  Navy  Yard,  California,  and  would  have  been 
completed  in  July  of  that  year,  or  at  latest  in  August,  had  the 
contractor  for  constructing'  the  dredging  pumps  not  been  greatly 
delayed  with  his  work.  As  it  was,  she  was  completed  ready  for 
service  in  the  latter  part  of  October  and  arrived  in  the  Columbia 
Kiver  on  November  2d.  (Her  name  had  been  changed  to  the 
Chinoolc.)  The  rainy  season,  which  is  also  a  season  of  almost 
constant  storms  and  fogs,  had  already  begun,  however,  and  during 
this  season  but  little  dredging  work  was  practicable.  By  working 
on  the  bar  at  her  normal  rate  during  a  storm,  when  two  fairly 
large  steamships  lay  in  the  mouth  of  the  river  not  daring  to  attempt 
the  crossing  of  the  bar,  she  demonstrated  that  she  could  work  in 
very  severe  weather. 

During  the  rainy  season  many  more  or  less  important  improve- 
rcehts  were  made  in  her  machinery.  Since  the  beginning  of  the 
summer  season  she  has  done  fairly  good  work,  though  her  draft 
has  been  a  decided  drawback.  The  question  as  to  whether  dredging 
will  be  of  great  advantage  prior  to  the  completion  of  the  jetty 
now  in  progress,  appears  to  be  still  unsettled,  but  the  possibility 
of  dredging  on  this  bar,  with  a  dredge  specially  adapted  to  it,  has 
been  fully  determined.  Plate  XXVI  is  a  photograph  of  this  vessel 
after  being  transformed  into   a  dredge. 

For  improving  the  Southwest  Pass  of  the  Mississippi  River, 
with  a  view  to  giving  a  channel  1  000  ft.  wide  and  35  ft.  deep  at 
mean  low  water,  from  New  Orleans  to  the  Gulf  of  Mexico,  two 
converging  jetties  across  the  outer  bar  are  contemplated  (the  con- 
struction of  one  of  these  has  been  begun),  the  action  of  the  jetties 
to  be  assisted  by  a  large  sea-going  suction  dredge.  The  dimen- 
sions of  this  dredge  are  as  follows: 

Length  between  perpendiculars 260     ft. 

Length  over  all 271*   " 

Moulded  beam 47i   " 

Moulded  depth 2.S     " 

She  is  of  steel  and  has  twin-screws.  She  was  begun  at  the  yard 
of  the  Trigg  Shipbuilding  Company,  Kichniond,  Va.,  in  1001,  and 
was  completed  at  the  Norfolk  Navy  Yard,  Norfolk,  Va.,  on  account 
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of  the  failure  of  the  Trigg  Company,  and  sailed  for  New  Orleans  in 
September,  1904.  At  the  time  the  contract  for  her  construction  was 
made,  no  dredge  had  been  constructed  or  planned  by  the  Govern- 
ment having  more  than  about  one-half  her  bin  capacity.  She  will 
be  exceeded  in  size,  however,  by  the  dredges  Manhattan  and  Atlantic, 
the  former  of  which  is  practically  completed  and  the  latter  nearly  so. 
Her  dimensions  are  also  greatly  exceeded  by  those  of  the  proposed 
dredge  for  the  Delaware  River. 

Between  1884  and  1899  the  size  of  steamships  entering  New  York 
Harbor  had  increased  so  greatly  that  the  30-ft.  entrance  channel 
was  deemed  inadequate,  both  in  depth  and  width,  for  their  accom- 
modation. Moreover,  the  sharp  turn  in  the  Main  Ship  Channel  was 
inconvenient,  and  dangerous  in  thick  weather.  Accordingly,  Con- 
gress, by  Act  of  March  3d.  1S99,  adopted  a  project  for  making  a 
channel  2  000  ft.  wide  and  40  ft.  deep  at  mean  low  water,  from  the 
Narrows  to  the  sea,  by  way  of  East  or  j^mbrose  Channel,  at  a  limit 
of  cost  of  $4  000  000.  The  channel  was  to  be  obtained  by  dredging 
only.  The  quantity  of  material  to  be  removed  was  estimated  at 
42  500  000  cu.  yd.  The  natural  depth  on  the  crest  of  the  bar  was 
about  16  ft.  The  contract  for  all  the  work,  approved  May  24th,  1899. 
provided  for  beginning  work  on  May  24th,  1900.  Soon  after  the 
approval  of  the  contract,  the  construction  of  two  immense  sea-going, 
self-contained,  self-propelling  dredges  was  begun  by  the  contractor. 
The  completion  of  both  of  these,  however,  was  delayed  so  long  that 
the  time  for  beginning  work  was  extended  about  one  year.  Each  of 
these  dredges,  called  the  Mills  and  the  Thomas,  respectively,  has  a 
bin  capacity  of  about  2  800  cu.  yd.  and  one  48-in.  dredging  pump. 
Each  has  one  suction  pipe  which  is  raised  and  lowered  through  a 
well  on  the  center  line  of  the  ship.  They  do  not  keep  in  motion 
while  dredging,  as  in  the  case  of  all  the  Government  sea-going 
dredges  thus  far  constructed,  but  work  with  stationary  suctions, 
hauling  themselves  by  anchors  and  chains  when  necessary  to  move. 
Their  dredging  capacity  is  large — for  example,  in  July,  1904,  they 
removed  400 125  cu.  yd.  of  sand  and  gravel — but  their  draft  is 
excessive  with  regard  to  the  natural  depth  on  the  bar.  In  conse- 
quence of  this,  while  they  had  removed,  to  the  end  of  July,  1901. 
12  344  266  cu.  yd.,  all  their  work  has  been  done  between  the  40-ft. 
contour  line  outside  the  bar  and  its  crest,  so  tlint  the  ruling  depth 
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throug'h  the  channel  is  still  about  16  ft.  The  dredging  produces 
conical  holes  having  frequently  a  center  depth  as  great  as  54  ft., 
with  ridges  between. 

With  easily  moved  material  and  strong  tidal  currents,  it  might 
have  been  expected  that  Nature  would  level  these  ridges;  but,  thus 
far,  very  little  of  this  effect  has  been  noticed  on  this  bar,  the 
material  being  heavy  and  the  currents  only  moderate.  By  the  fore- 
going method  of  work  the  deductions  for  over-depth  are  naturally 
large,  and  it  is  estimated  that,  of  the  12  344  266  cu.  yd.  dredged,  only 
10  552  338  cu.  yd.  were  from  within  the  channel  limits  of  depth. 
These  dredges  embody  many  of  the  general  features  of  the  Brancher 
and  the  Croxc,  which  have  done  very  successful  work  on  the  bar  at 
the  mouth  of  the  Mersey  River,  England ;  but  do  not  seem  to  be  as 
well  adapted  to  the  conditions  found  on  the  New  York  bar. 

Using  the  foregoing  dredges  only,  the  contractor  has  not  been 
able  to  obtain  as  great  an  average  monthly  rate  of  dredging  as  that 
required  by  the  original  contract.  At  his  request,  a  supplemental 
agreement  was  entered  into,  reducing  the  monthly  requirements,  but 
permitting  the  Government  to  accelerate  the  work  by  the  use  of 
additional  plant  which  it  may  own,  rent  or  build  for  the  purpose. 
The  necessity  for  hastening  the  work  being  urgent,  it  was  decided  by 
the  Engineer  Department,  in  1903,  to  construct  two  large  sea-going 
dredges,  on  plans  similar  to  those  of  the  dredge  then  being  con- 
structed for  improving  Southwest  Pass,  Mississippi  River,  which  has 
been  described  previously.  A  somewhat  larger  limit  of  cost,  however, 
was  allowed,  so  that  the  hulls  of  these  dredges  might  be  given  better 
lines  with  consequently  increased  speed  for  the  same  power.  Mech- 
anism for  opening  and  closing  the  dumping  gates  by  steam  power 
was  also  provided. 

The  first  of  these,  the  Manhattan,  was  launched  on  July  9th, 
1904,  has  had  her  official  trials,  and  will  soon  begin  operations  at 
New  York.  The  second,  the  Atlantic,  was  launched  on  August  20th, 
1904.    The  two  are  precisely  alike  in  every  respect. 

The  construction  of  six  other  dredges  was  also  begun  by  the 
Government  in  1903.  These  are  the  St.  John,  for  improving  St. 
John's  River,  Fla.;  the  Caucus,  for  improving  Pensacola  Harbor, 
ria. ;  the  Bnrfon.  for  improving  harbors  on  the  south  shore  of  Lake 
Erie;  the  Gen.  Gillespie,  for  improving  harbors  on  the  east  shore  of 


318  DREDGIXG    OCEAN    BARS. 

Lake  Michigan;  the  Savannah,  for  improving  Savannah  Harbor, 
Ga. ;  and  the  Key  West,  for  improving  Key  West  Harbor,  Fla. 

Two  of  these,  the  Burton  and  the  Gen.  Gillespie,  have  since  been 
completed,  and  the  St.  John  and  Key  West  are  nearly  completed. 
The  St.  John  and  Caucus  are  vpooden,  single-screw  dredges,  quite 
similar  to  the  Gen.  Ahhot  and  Cumberland.  The  Burton  and  Gen. 
Gillespie  are  steel,  twin-screw  dredges  of  light  draft,  designed  for 
work  in  fresh  water  and  in  the  narrow  channels  of  the  Lake  harbors. 
They  are  of  slightly  less  capacity  than  the  Gen.  Allot  and  Cumber- 
land. The  Savannah  is  similar  to  the  Burton  and  Gen.  Gillespie. 
except  that  she  was  designed  for  work  in  salt  water.  The  Key  West 
is  a  small,  light-draft,  wooden  dredge,  similar  to  the  Winyah  Bay, 
though  with  more  freeboard.  (The  latter  dredge  has  proved  ex- 
tremely serviceable  at  points  where  very  light  draft  was  essential, 
but,  on  account  of  her  low  freeboard,  much  time  was  lost  while 
working  in  exposed  localities.) 

Experience  has  shown  that  dredges  of  this  class  are  not  only  by 
far  the  best  adapted  of  all  known  types  for  work  on  exposed  ocean 
bars,  but  possess  marked  advantages  for  the  maintenance  of  channels 
dredged  in  rivers  or  other  sheltered  waters.  These  advantages  are: 
First,  they  can  be  operated  economically  in  the  removal  of  shoals  of 
slight  depth ;  second,  they  offer  no  obstruction  to  navigation,  as  they 
can  get  out  of  the  way  of  other  vessels  quickly  without  interfering 
with  their  own  work;  third,  the  improvement  in  depth  obtained  by 
them  is  progressive,  the  shoal  being  removed  from  the  top  and  not 
from  the  end.  On  account  of  this  method  of  deepening,  also,  the 
assistance  of  the  currents  in  producing  scour  is  obtained  more 
quickly.  Based  on  these  considerations,  the  Secretary  of  War,  in 
December,  1903,  decided  to  make  an  allotment  for  the  construction 
of  a  large,  self-contained,  self-propelling  dredge  for  the  maintenance 
of  the  channel  of  the  Delaware  River.  This  channel  is  now  being 
deepened  to  30  ft.  at  raean  low  water  for  a  width  of  600  ft.,  and,  as 
each  of  the  nine  sections  into  which  the  length  of  the  proposed 
channel  is  divided,  is  completed  by  the  contractor,  the  maintaining 
of  the  channel  in  these  sections  devolves  upon  the  rrovernment.  The 
total  length  of  dredged  cuts  will  be  32  miles,  of  which  about  14 J 
miles  will  have  been  completed  by  the  end  of  the  season  of  1904. 

The  allotment  for  the  construction  of  this  dredge  was  $400  000, 
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but  the  contract  price  for  her  construction  was  only  $358  400.  Her 
contract  date  for  completi^m  is  August  21st,  1905.  As  her  proposed 
work  will  be  in  shoal  water,  the  quality  of  seaworthiness  is  less 
important  than  in  the  case  of  dredges  designed  for  work  on  ocean 
bars,  and,  to  some  extent,  has  been  sacrificed  to  large  capacity  with 
light  draft.  Her  maximum  bin  capacity  will  be  about  3  000  cu.  yd. 
She  has  bin  overflows  at  three  levels  to  adapt  her  loaded  or  partly 
loaded  draft  to  the  varying  conditions  at  different  points  on  the 
river.  Her  crew  will  be  quartered  above  decks  in  a  raised  fore- 
castle. Notwithstanding  these  differences  in  design,  as  compared 
with  the  design  of  the  Manhattan  and  Atlantic,  for  instance,  she 
will  still  be  much  more  seaworthy  than,  any  of  the  dredges  con- 
structed by  the  Government  prior  to  1900,  so  that  she  can  be  used  at 
exposed  localities  along  the  coast,  if  at  any  time  during  her  life  it 
should  become  desirable.  Table  6  contains  data  regarding  all  the 
sea-going,  seK-contained  dredges  constructed  since  1900,  or  now 
under  construction  by  the  Government. 

Fig.  2,  Plate  XXV,  and  Figs.  1  and  2,  Plate  XXVH,  show  three 
of  the  foregoing  dredges  either  during  construction  or  after  com- 
pletion. The  dredge  Atlantic,  a  working  model  of  which  was  on 
exhibition  in  the  Government  Building,  Louisiana  Purchase  Exhi- 
bition, is  a  type  of  all  these.  Its  design  is  illustrated  by  Plates 
XXVIII,  XXIX  and  XXX.  Each  side  of  the  dredge  has  its  inde- 
pendent dredge-pumping  outfit,  consisting  of  centrifugal  pump,, 
engine,  suction  and  discharge  pipes. 

The  suction  pipes,  one  on  either  side  of  the  steamer,  about 
midway  between  bow  and  stern,  extend  laterally  from  the  pumps  to 
the  outside  of  the  ship,  then,  turning  with  an  easy  bend  at  right 
angles,  the  vertical  portion  being  over  the  center  or  horizontal  axis, 
extend,  when  not  in  use,  along  the  sides  of  the  dredge,  being  held 
up,  lowered  and  raised  by  suitable  blocks  and  ropes,  which  are 
worked  by  special  hoisting  engines.  These  suction  pipes,  from  60 
to  90  ft.  long,  according  to  depth,  have  suitable  mouthpieces,  termed 
drags,  provided  with  detachable  scrapers,  to  put  on  the  bed  of  the 
channel  and  facilitate  the  ingress  of  material. 

To  render  the  suction  pipes  flexible,  so  that  they  will  accommo- 
date themselves  to  the  pitching  and  rolling  motion  of  the  steamer,  a 
section  of  the  pipe  about  10  ft.  in  length,  located  a  few  feet  from  the 
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elbow,  consists  partly  of  rubber.  This  flexible  section  is  supported 
by  a  special  arrangement  of  triple  chains  and  blocks  against  tlie 
vertical  strain  caused  by  the  weight  of  the  pipes  themselves  and  what 
passes  through  them,  and  by  tension  chains  against  the  longitudinal 
strain  of  the  drags  resting  on  the  bottom.  Each  pump  discharges  its 
material  in  both  forward  and  after  bin  by  a  Y-pipe  with  a  dis- 
tributing valve. 

The  gates  at  the  bottoms  of  the  bins  are  of  cast  steel,  and  close 
against  cast-steel  gate  frames.  They  are  opened  and  closed  by  a  rod, 
operated  at  the  top  by  hand-wheels,  or  by  steam,  as  may  be  desired. 
These  dredges  are  operated  under  just  sufficient  speed  to  give  them 
steerage  way.  Ranges,  on  which  they  hold  themselves  as  closely  as 
possible,  are  indicated  by  suitable  structures  on  shore  or  by  buoys  or 
piles  in  the  water. 

One  of  the  most  annoying  details  in  service  is  the  flexible  member 
of  the  suction  pipe.  Various  forms  of  ball  and  slip  joints  have  been 
tried,  with  varying  but  indifferent  results.  The  form  of  flexible  mem- 
ber provided  for  the  Atlantic  is  shown  in  Plate  XXXI.  This  consists 
of  a  specially  constructed  rubber  hose,  firmly  connected  to  cast-steel 
flanged  nipples,  as  shown.  The  inner  tube  should  be  of  pure  Para 
rubber,  on  account  of  the  higher  resisting  qualities  of  the  pure  gum 
as  compared  with  any  rubber  compound.  In  sand-blast  hose,  for 
instance,  it  has  been  found  that  for  a  certain  service  a  hose  having  a 
tube  composed  of  45%  pure  Para  gum  will  last  from  2  to  3  months, 
while  with  a  tube  containing  96%  of  pure  Para  gum  the  hose,  for 
the  same  service,  will  last  from  10  to  12  months,  showing  conclu- 
sively that  the  hose  composed  of  pure  Para  rubber  is  the  better  and 
cheaper. 

Another  detail,  on  which  much  time  and  thought  has  been  ex- 
pended, is  the  drag.  "Various  forms  have  been  tried  from  time  to 
time,  but  the  two  shown  by  Fig.  6  and  Plate  XXXII  have  given 
the  best  results  thus  far.  It  should  be  stated,  however,  that  no  single 
design  of  drag  has  proved  equally  efficient  in  all  kinds  of  material, 
some  forms  doing  better  work  in  sand,  while  others  have  done  better 
work  in  mud  and  clay.  Quite  a  variety  of  forms  of  scrapers  have 
been  used  with  these  drags,  being  adapted  to  the  different  materials 
in  which  the  work  was  done. 
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Performance  of  Dredges. 


During  the  season  of  1904,  the  rapid  progress  which  has  been 
made  in  the  construction  of  a  large  number  of  these  dredges,  under 
direction  of  the  -v^Titer,  as  has  already  been  indicated,  together 
with  the  necessity  of  directing  details  of  work  in  a  large  engineer- 
ing district,  has  left  little  time  for  the  compilation  of  data  regard- 
ing the  work  of  dredges  now  in  service. 

The  following  are  monthly  reports  for  Jujy,  1904,  of  the 
Gedney,  working  at  New  York  Harbor,  the  Gen.  C.  B.  ComstocJc, 
working  at  Galveston,  Tex.,  and  the  Sahine,  working  on  the  bar 
outside  the  mouth  of  South  Pass,  Mississippi  River.  These  may 
be  taken  as  typical  of  the  work  of  the  older  and  smaller  class  of 
dredges  under  rather  favorable  weather  conditions. 


Dredge  Gedneij. 

Location  of  work.  North  Side  of  Gedney  Channel,  Xew  York  Harbor. 

Depth  of  water  (survey  of  January,  1904) 27  to  .30  ft.  M.  L.  W. 

Depth  required 30  "  M.  L.  W. 

Range  of  tide 4.  G  " 

Material  dredged Sand  and  gravel  in  varying  proportions, 

Cubic  yards  removed 53  193 

Loads 88 

Yards  carried  per  load,  average 004 

"      dredged  per  minute,  average 1.5. 0 

Time  dredging 59  br.  14  min. 

"    turning    2    "    37    " 

■'     running  to  dumping  ground 53    "    48    " 

Average  speed,  loaded 5.4  knots. 

Time  running  from  dump  to  working  ground 32  hr.  11  min. 

"  "         "       ''  anchorage 18    "■    24    " 

"  "  "         "       "wharf 18   "    02    " 

"  "  "      anchorage  to  working  ground. 12    "    59    " 

u  u  u      wharf  to  "  "       .12    "    29    " 

"  "  "      anchorage  to  anchorage 1    "    12    " 

"     lost  repairing  (wliib-  under  steam) 1    ''    00    " 

"'     lost  from  other  causes  (wliile  under  steam).  05    " 

(lum])ing 11    "    45    " 
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Average  time  duiiipiiig  per  load 8  min. 

Total  time  under  steam 223    '"    47    " 

Average  speed,  light 6.9  knots. 

"  "         "     (to  and  from  wharf) 7.4     '' 

Approx.       "      while  dredging 1 .  .5     " 

Time  lost  due  to  fog 1^  days. 

*•'       ''      ''     '•'  rough  sea ^     '• 

'^       "      ''     ''  rejjairs |     " 

"       "      "     "  coaling  ship 2^     '^ 

"       "      ''     '^  other  causes ^     " 

"     actually  Avorking 19^     " 

Distance  from  working  grounds  to  dumping- 
grounds,  mean 3.3  nautical  miles. 

Coal  burned  (pea  coal) 207  long  tons. 

Water  used 35  300  gal. 

Average  cost  of  dredging  percuJjic  yard  (based  on 
actual  cost  of  coal,  water,  rent  of  wharf, 
wages  of  crew,  and  mess  bills,  and  on  aver- 
age of  ten  years'  cost,  i)er  working  day,  of 
repairs  and  supplies) 5.9  cents. 

Dredge  Gen.  C.  B.  Comstocl'. 

Quantity  of  material  dredged 07  476 .  2  cu.  yd. 

Character  of  material  dredged Sand,  mud  and  clay. 

'  Distribution  of  working  time  : 

Anchorage  to  cut 9  hr.  55  min. 

Pumping 147    ''    29    '^ 

Cut  to  dump 33    •'     35    '* 

Dumping S    ''     10    '' 

Dump  to  cut 25    ''     27    " 

Dump  to  anchorage 10    '•    10    •• 

Time  lost  turning 0    '*    00    •• 

Total  hours  worked 234  hr.  46  min. 

Time  lost  on  account  of  bad  weather,  Sun- 
days    and     holidays,     washing     out 

boilers  and  repairs 220    ••    37    " 

Cost  of  operating  for  the  month $2  888. 38 

Cost  of  extraordinary  repairs  for  the  month 773 .  90 

Fuel  consumed,  845  bbl.  fuel  oil  at  70  and  75  cents  per  bbl. 
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Dredge  Sabine. 

The  dredge  Saline  was  transferred  on  July  13lh,  1004,  for  work 
beyond  the  ends  of  the  jetties  at  South  Pass.  The  dredge  left 
New  Orleans  on  July  14th,  arrived  at  Port  Eads  on  July  15th, 
and  began  work  beyond  the  ends  of  the  jetties  on  the  same  day. 
The  material  removed  consists  principally  of  a  stiff  clay  or  mud, 
with  some  sand.  Between  July  15th  and  '80th,  the  dredge  worked 
161^  hours,  distributed  as  follows: 

Moving  to  and  from  dnMl^ing  position 1*'tV  1^''- 

Pumping 1*'- 

Dumping -'^ 

Repairs 1  -t\    "' 

Taking  aboard  fuel <> 

During  this  time  the  dredge  removed  286  loads  of  material  con- 
taining a  total  of  about  55  770  cu.  yd.  of  solid  matter.  The  ex- 
penses of  the  dredge  from  July  13th  to  31st,  were  about  $1  250, 
making  the  average  cost  per  cubic  yard  of  material  removed  about 
2i  cents.  From  the  13th  to  31st,  439  bbl.  of  fuel  oil  were  consumed, 
of  which  401  bbl.  were  used  in  connection  with  the  dredging  opera- 
tions proper.* 

Summary  of  Progress  Made. 

A  demonstration  of  the  practicability  of  dredging  on  exposed 
bars  in  nearly  all  kinds  of  weather,  and  the  marked  diminution 
in  cost  of  dredging  on  such  bars,  with  consequent  modification 
of  views  as  to  the  most  practical  method  of  deepening  and  main- 
taining channels  over  them,  has  already  been  mentioned.  The 
necessity  has  been  produced  of  constructing  dredges  capable  of 
removing  vast  quantities  of  material  within  a  reasonable  time  and 
at  a  minimum  cost.  The  most  notable  advance  in  construction 
which  has  been  made,  therefore,  is  a  very  marked  increase  in  the 
average  size  of  these  dredges.  This  is  shown  clearly  by  a  com- 
parison of  the  tables  giving  the  dimensions  and  capacities  of  those 
constructed  prior  to  1900,  and  those  constructed  and  planned  since 
that  date. 

In    many   of   the   earlier   dredges    most    of   the   machinery   was 

*  In  August,  1904,  this  dredge  removed  67  860  cu.  yd.  at  this  locality,  the  average 
cost  for  working  expenses  being  3  cents  per  cu.  yd. 
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placed  near  the  stern,  the  result  of  this  being  to  give  excessive 
light  draft.  The  arrangement  has  been  discarded  in  all  the  new 
dredges.  The  machinery  is  now  placed  amidships,  jmdbins  located 
forward  and  aft  of  it. 

Experience  having  shown  the  advantage  of  using  two  suction 
pipes  instead  of  one,  two  are  provided  on  all  the  newer  dredges 
for  which  the  size  will  permit. 

The  use  of  overflows  at  two  different  levels  has  already  been 
mentioned. 

During  the  past  few  years  the  Department  has  frequently  found 
it  necessary  to  send  these  dredges  to  points  for  which  they  were 
not  designed,  in  order  to  give  immediate  relief  to  channels  which 
had  closed,  or  in  which  shoals  had  formed.  This  has  suggested 
the  desirability  of  designing  dredges  so  that,  while  suited  to  the 
locality  for  which  they  were  built,  they  may  also  be  used,  if  neces- 
sary, under  quite  a  variety  of  conditions. 

All  the  newer  dredges  are  made  more  seaworthy  than  the  older 
ones,  the  idea  that  the  protection  afforded  by  jetties  for  dredging 
on  ocean  bars  was  of  great  value  having  been  discarded.  In  con- 
clusion, it  may  be  said  that  all  these  dredges  have  been  built  under 
limits  of  cost  which  were  either  fixed  or  nearly  so.  In  endeavoring 
to  obtain  the  most  efficient  machine  v/ithin  the  limit  of  cost,  it 
was  realized  that,  in  subsequent  operations,  alterations  could  be 
made  to  such  portions  of  the  construction  as  would  readily  admit 
of  it.  Special  attention,  therefore,  was  directed  to  planning  the 
practically  unalterable  portions,  notably  the  hull  and  propelling 
machinery,  so  as  to  give  these  the  utmost  possible  efficiency  com- 
patible with  cost  limit.  Many  of  these  dredges  have  not  yet  been 
provided  with  all  the  auxiliaries  which  will  probably  be  found 
desirable  in  the  future.  It  is  expected  also  that  experience  will 
indicate  the  desirability  of  making  numerous  minor  improve- 
ments to  the  dredges  as  constructed.  The  fact  that  so  many 
of  them  have  been  planned  at  practically  the  same  time  has  made  it 
impossible  in  planning  each  to  utilize  the  experience  obtained 
during  the  service  of  its  predecessor;  nevertheless,  it  is  believed  that 
the  work  of  1905  \y'A\  demonstrate  that,  in  a  very  large  measure  at 
least,  they  will  accomplish  the  results,  in  cost  and  amount  of  work, 
for  which  they  were  built. 
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Public  improvements  in  all  parts  of  the  world  are  becoming  more 
and  more  important  every  day,  and  have  given  a  new  impulse  to 
the  researches  of  engineers,  manufacturers,  and  contractors,  whose 
combined  efforts  have  resulted  in  the  construction  of  powerful 
machinery  giving  greater  output  with  less  cost. 

The  increase  of  production,  however,  has  not  been  quite  propor- 
tional to  the  increase  of  power  of  the  machinery;  in  fact,  a  dredge 
having  a  mean  capacity  of  300  h.  p.  has  an  output  only  double  that 
of  a  100-h-p.  dredge,  and,  beyond  a  certain  power,  the  effective  out- 
put is  further  decreased. 

The  output  of  a  dredge  depends  upon  different  factors,  the  in- 
fluence of  which  is  very  variable,  and  which  the  writer  will  try  to 
analyze. 

*Ing6nieur  Civil,  Entrepreneur  de  Travaux  Publics. 
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For  a  bucket  dredge  these  factors  are:  The  capacity  and  the 
shape  of  the  bucket,  which  must  be  suitable  for  the  nature  of  the 
ground ;  the  mode  of  power  transmission  between  the  engine  and  the 
dredging  apparatus;  the  size  of  the  dredge  and  the  type  or  shape, 
which  must  be  adapted  to  the  conditions  under  which  the  work  must 
be  executed. 

For  suction  dredges:  The  diameter  of  the  suction  pipes  and  the 
style  of  pumps. 

The  dimensions  and  the  power  of  the  apparatus,  as  a  whole,  are 
so  many  elements,  each  having  its  influence  upon  the  production, 
according  to  the  nature  of  the  ground,  and  the  location  and  im- 
portance of  the  rivers  or  estviaries  where  the  work  must  be  executed. 

The  bucket  is  the  principal  part  of  the  dredging  apparatus;  its 
capacity  has,  of  course,  a  great  influence  upon  the  production.  The 
capacity  generally  adopted  for  the  buckets  of  a  dredge  of  average 
power  is  from  300  to  400  liters;  beyond  these  figures  the  loading 
and  unloading  of  the  buckets  are  less  regular.  It  is  possible,  how- 
ever, to  use  large  bucket's,  ranging  in  capacity  from  800  to  1  000 
and  even  1  500  liters,  in  material  which  is  easily  excavated. 

The  shape  of  the  bucket  has  also  a  very  important  influence  upon 
the  output ;  for  instance,  it  may  be  especially  arranged  for  digging 
when  the  ground  is  resistant,  or  for  rapid  unloading  of  materials 
when  the  groimd  is  soft,  flowing,  and  easy  to  dredge. 

When  the  dredging  has  to  be  done  in  clays,  marls,  hardpan,  or 
rock  formation,  it  is  desirable  to  get  a  bucket  having  a  more  com- 
pact shape,  and  with  the  cutting  edge  as  nearly  as  possible  normal 
to  the  siirface  of  the  ground,  so  as  to  attack  the  soil  more  effica- 
ciously, and  to  increase  the  power  of  the  bucket.  These  conditions, 
however,  vary,  because  it  is  necessary  to  consider  the  adhesion  of 
thick  and  sticky  materials,  \vhicli,  to  facilitate  the  unloading,  some- 
times require  a  bucket  of  intermediate  shape. 

In,  practice,  the  output  is  regulated  by  the  speed  of  the  bucket- 
chain,  that  is,  by  the  number  of  buckets  attacking  the  ground  in  one 
minute.  If  the  ground  is  easily  dredged,  it  is  estimated  that  this 
number  is  15  to  18;  in  grounds  more  resistant  or  thick  and  sticky, 
it  is  from  12  to  14,  and,  in  still  more  resisting  grounds,  the  speed 
is  reduced  to  10  buckets  per  minute;  and  even  then  the  hard  ground 
must  be  fissured,  or  must  have  been  previously  broken  up,  because. 
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in  attacking  solid,  unbroken,  compact  grounds,  the  machinery  would 
become  disabled.  The  nature  of  the  ground  to  be  dredged  is  the 
most  important  factor  of  the  output  and,  consequently,  of  the  cost. 
It  seems,  then,  interesting  to  classify  the  different  kinds  of  grounds 
according  to  the  ease  or  difficulty  with  which  they  are  dredged.  The 
material  most  easily  dredged  is  gravel  when  the  pebbles  measure 
from  2  to  5  cm.  in  diameter;  then  follow  in  order,  mud,  muddy 
sands,  sland,  clay  and  marls,  hardpan  and  rock  formation. 

The  mode  of  transmitting  the  power  to  the  dredging  machinery 
is  another  important  factor  in  the  output  of  the  apparatus.  If  this 
is  done  directly  by  straight  gearing,  the  maximum  effort  of  the 
machine  is  transmitted  to  the  bucket-ladder;  if  it  is  done  by  belts 
or  an  endless  chain,  there  is  still  a  very  good  output,  although  some- 
what less  than  in  the  first  instance.  If,  on  the  other  hand,  the- 
transmission  is  by  bevel-gearing,  there  is  a  loss  of  power  of  from 
20  to  25%  due  to  friction. 

In  the  case  of  suction  dredges,  the  nature  of  the  sand  and  the 
type  of  pump  have  also  a  great  influence  upon  the  output.  A  pump 
more  or  less  appropriate  corresponds  to  each  grade  of  sand  (accord- 
ing to  fineness  and  weight).  With  very  fine  sand,  it  is  advantageous 
to  use  a  pump  with  3  or  4  blades,  whereas,  with  coarser  or  heavier 
sand,  2  blades  are  sufficient.  These  are  results  of  experiments  which 
are  always  worth  knowing,  but  which  must  be  ascertained  in  every 
case.  If  the  sand  is  too  fine,  it  is  easily  pumped,  but  is  very  difficult 
to  unload  into  the  tanks  or  hoppers.  In  every  case,  the  good  choice 
of  the  apparatus  and  its  appropriateness  to  the  kind  of  work  required, 
are  essential  to  economical  results. 

According  as  ordinary  bucket  dredges,  ladder  bucket  dredges, 
marine  or  suction  dredges  of  different  types  are  used,  the  output 
will  vary  from  100  to  600  cu.  m.  per  hour,  even  attaining  2  000  cu.  m. 
in  very  favorable  materials  and  with  powerful  machines;  while,  on 
the  other  hand,  in  rocky  bottoms  the  output  will  fall  to  20  or  even 
10  cu.  m.  per  hour.  The  difference  in  the  cost  of  the  work  is  easily 
seen  by  these  figures.  Modern  dredges,  the  power  of  which  has  been 
materially  increased,  have  permitted  the  cost  of  work  to  be  lowered, 
but  not  always  proportionately  to  the  increase  of  power  of  the 
machinery  and  of  its  capacity. 

The  cost  of  actual  dredges  is  much  higher  than  it  was  15  or  20 
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years  ago.  Machines  which  at  that  time  cost  25  000  to  50  000  francs 
were  raised  to  200  000,  then  to  500  000  francs,  and  some  gigantic 
dredges  have  even  been  built  at  a  cost  of  1  000  000  and  1  500  000 
francs  (Bates  dredges,  built  for  Eussia,  bucket  dredges  having  a 
capacity  of  1  500  liters,  in  the  Lobnitz  shops,  and  the  dredge 
Thomas  built  for  the  New  York  harbor  improvements).  The  interest 
on  the  invested  capital,  the  coefficient  of  amortization  of  plant,  the 
cost  of  transportation  of  the  machinery,  and  the  insurance,  are  all 
elements  to  be  considered  in  figuring  the  cost  of  the  work.  To  these 
must  be  added  cost  of  maintenance,  repairs,  shops,  accessories, 
special  machinery,  and  all  that  is  necessary  to  insure  the  good  work- 
ing and  operating  of  dredges.  According  as  the  work  is  located 
in  a  new  and  sometimes  unhealthy  country,  or  in  a  section  having 
a  healthy  and  good  climate,  the  cost  of  dredging  may  be  doubled 
or  more  than  doubled.  The  output  also  varies  according  to  theoreti- 
cal or  practical  considerations. 

Considering  the  cost  of  dredging  from  a  practical  viewpoint: 
in  manufacturing  centers  where  labor  is  plentiful,  the  cost  with 
bucket  dredges  may  be  calculated  at  from  0.50  franc  to  1.25  francs 
per  cu.  m.  for  muddy  sands,  mud,  and  soft  and  non-sticky  materials. 
These  unit  prices  increase,  with  the  consistency  of  the  material,  to 
5  and  10  francs  per  cu.  m.  for  sticky  materials  or  more  or  less  rocky 
conglomerates.  Bvit  the  ground  to  be  dredged  must  always  be 
broken  up  when  it  is  a  rock  formation  or  even  a  compact  marl. 

For  suction  dredges,  the  cost  must  not  be  calculated  at  less  than 
0.45  franc  per  cu.  m.  Some  lower  figures  have  been  mentioned, 
but  may  be  considered  as  theoretical,  because,  to  reach  the  limit 
just  given,  the  conditions  must  be  exceptional.  To  get  below  this 
price,  all  conditions  permitting  the  reduction  of  the  cost  must  be 
present:  dredging  of  several  millions  of  cubic  meters,  light  movable 
materials,  powerful  machinery,  good  climate,  cheap  and  plentiful 
labor,  etc. 

Upon  the  whole,  it  may  be  said  that  the  improvements  made 
during  the  last  ten  years  have  been  very  great,  as  is  shown  by 
scrutinizing  the  principal  characteristics  of  the  latest  dredges. 
These  improvements  are  all  the  more  important  because  they  are 
not  confined  to  one  class  of  apparatus  built  in  a  particular  country, 
but  are  the  sum  of  all  improvements  made  by  contractors  and  manu- 
facturers in  the  whole  world,  in  Europe  as  well  as  in  America. 
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The  tendency  is  to  build  more  and  more  powerful  dredges;  but, 
while  these  machines  apparently  have  important  advantages,  they 
are  not  the  most  economical.  If  dredging  in  recent  alluvia  has  to 
be  done  on  a  very  large  scale,  as  in  the  Mississippi  improvements, 
at  Parana,  in  New  York  Bay,  or  at  Buenos  Ayres,  where  the  yardage 
amounts  to  tens  of  millions,  it  is  evident  that  powerful  machinery 
has  a  distinct  advantage.  However,  this  increase  must  not  be 
exaggerated,  because,  in  case  of  accident  or  breakdown  of  any  part 
of  the  machinery,  there  is  immediately  an  immobilization  of  very 
important  capital,  and  a  stoppage  of  work.  It  is,  then,  wise  always 
to  proportion  the  power  and  the  number  of  working  units  to  the 
magnitude'  of  the  work  to  insure  regularity  and  continuity  of  action; 
and  the  dredge  of  average  power,  say  of  300  to  600  h.  p.,  is  generally 
more  advantageous,  even  for  very  great  works,  and  even  though  it  be 
necessary  to  increase  the  number  of  dredges  to  obtain  an  equivalent 
output. 

The  dredge  of  great  power,  built  especially  for  a  certain  kind  of 
duty,  cannot  readily  adapt  itself  to  all  sorts  of  ground,  may  become 
less  economical  in  certain  conditions,  and  runs  the  risk  of  being 
idle  more  than  any  other.  If,  on  the  contrary,  dredging  is  to  be 
done  in  hard  materials  or  rock  formations,  the  dredge  of  average 
power,  say  250  to  300  h.  p.,  with  buckets  of  400  liters  capacity, 
becomes  the  most  practical,  and  may  be  used  in  every  case. 

As  to  suction  dredges,  it  is  well  to  make  them  as  powerful  and 
with  as  large  capacity  as  possible,  but,  however,  in  proportion  to  the 
conditions  of  navigation  in  the  vicinity  of  the  section  where  they 
must  be  used. 

If  it  is  intended  to  improve  or  deepen  a  river,  the  capacity  must 
not  be  greater  than  600  to  1  000  cu.  m.,  depending  tipon  the  draft 
that  may  be  used ;  but,  in  the  case  of  dredging  or  maintaining  an 
estuary,  and  when  the  dredged  materials  have  to  be  carriecl  to  sea, 
the  capacity  may  reach  2  000  cu.  m.  or  more.  In  the  last  case,  hopper 
bucket  dredges  of  a  capacity  varying  from  600  to  1  000  cu.  m.  can 
be  used,  but  only  for  work  to  be  done  at  sea  and  when  the  materials 
cannot  be  raised  by  pumping. 

In  conclusion,  it  may  be  said  that,  from  the  point  of  view  of 
construction,  the  improvement  of  dredging  machinery  has  consisted 
chiefly  in  the  increase  of  power  of  the  machines  used,  in  an  increase 
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TABLE  7. — Specification  of  the  Peincipal 
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Dredging  Machines  Butlt  between  1894  and  1903. 
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of  the  strength  of  the  machinery  in  bucket  dredges,  and  in  an 
increase  in  the  dimensions  of  hoppers  and  compartments  in  suction 
dredges. 

As  to  the  output,  it  is  found  best  to  use  bucket  dredges  of  average 
size,  because  it  is  then  possible  to  operate  them  at  all  times  and 
everywhere  with  a  regular  and  continuous  oiitput,  whereas,  when 
suction  dredges  are  used  for  removing  exceptional  volumes  of 
materials,  it  is  preferable  to  use  those  having  great  capacity. 

Therefore,  to  obtain  the  best  results  and  maximum  output,  the 
desideratum  is :  not  to  go  beyond  certain  dimensions  in  bucket 
dredges;  and  to  proportion  the  capacity  of  the  dredging  machinery 
to  the  work  to  be  performed. 
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CRANE  AND  LADDER  DREDGES. 

By  T.  Kobayashi* 


Generally  speaking,  there  are  four  kinds  of  dredges;  crane, 
shovel,  ladder  and  pump  dredges.  The  lirst  two  are  intermittent 
in  their  work  and  limited  in  their  capacity,  while  the  others  are 
of  greater  dredging  capacity  and  able  to  work  continuously.  In  the 
Osaka  Harbour  Works  all  kinds  of  dredges,  except  shovel  dredges, 
are  now  being  used.     There  are: 

5  Priestman's  "B"  type  dredges, 

2  200-ton  non-propelling  ladder  dredges, 

2  600-ton  self-propelling  ladder  hopper  dredges, 

2  500-ton  non-propelling  and  shore-delivery  pump  dredges, 

2  500-ton  self-propelling,  pump  system,  hopper  dredges, 

5  tugboats,  each  of  33  tons, 
32  100-ton  bottom-hopper  barges. 

Now,  as  it  is  very  difficult  to  treat  of  all  the  dredging  plant 
within  the  general  limit  of  10  000  words,  the  writer  takes  crane  and 
ladder  dredges  as  the  subject  of  this  paper. 


*  Engineer  in  charge  of  dredging  in  the  Osaka  Harhour  Works,  Japan. 
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Crane  Dredges. 


These  dredges  are  commonly  known  by  the  names  of  the  makers, 
as  Priestman's,  Stothert  and  Pitt's,  Morris  and  Cuming-'s,  Four- 
acre's,  Bruce  and  Batho's,  etc.  Sometimes  they  are  named  from 
the  form  of  bucket  used,  as  grab,  clam-shell  or  digger  dredges. 
Whatever  the  name  may  be,  the  essential  part  of  the  dredge  is  the 
bucket,  which  may  be  raised  or  lowered  by  a  crane.  Being  con- 
nected with  a  chain  or  chains,  the  bucket  raises  the  material  ver- 
tically, and  can  work  in  any  depth,  and  in  spite  of  wave  action. 

As  this  tyi^e  requires  a  small  staff  and  occupies  a  very  small 
space,  it  is  exceedingly  useful  for  working  in  wells,  docks,  or  other 
confined  spaces,  and  also  for  dredging  a  detached  bar  which  extends 
over  a  comparatively  small  area.  Moreover,  it  lifts  material  with  a 
smaller  percentage  of  water  than  any  other.  The  efficiency  of  the 
bucket  to  penetrate  the  material  does  not  depend  upon  the  force 
with  which  it  falls,  the  jaws  being  framed  so  as  to  draw  down  and 
penetrate  as  soon  as  an  upward  strain  is  put  on  the  lifting  chain, 
when  the  resistance  of  the  soil  is  not  great.  But  if  the  resistance 
is  great,  the  bucket  is  liable  to  slip  along  the  surface,  instead  of 
penetrating,  therefore  it  cannot  be  used  in  hard  soils.  Moreover,  it 
is  not  suited  for  regular  plain  cutting,  as  it  is  designed  to  dig  a 
number  of  consecutive  holes,  and  its  action  is  discontinuous. 

Bucket. 

Chief  Points  in  BucJcet  Construction. — The  following  are  the 
chief  points  to  be  noted  in  bucket  construction: 

1. — ^It  should  penetrate  the  ground  easily,  without  slipping  and 
tumbling. 

2. — It  should  cause  itself,  when  being  closed,  to  be  full  of  earth. 

3. — It  should  open  and  close  automatically. 

4. — It  should  close  readily  and  tightly,  permitting  no  leakage. 

5. — No  earth  should  be  washed  over  or  drop  out  when  being 
raised  through  water. 

6. — It  should  readily  discharge  its  contents,  and  not  require 
clearing. 

7. — It  should  be  simple  in  construction,  have  as  few  wearing 
parts  as  possible,  and  be  easily  repaired. 
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Almost  every  kind  of  work  and  earth  requires  a  specially  shaped 
bucket,  the  suitability  of  which  causes  success  or  failure. 

Capacity  of  Buchet. — As  to  the  relative  merits  of  bucket  capaci- 
ties, opinions  have  been  somewhat  divided;  however,  in  a  large 
dredge  the  weight  of  the  bucket  is  less  in  proportion  to  the  quantity 
of  material  raised  than  in  a  smaller  dredge,  as  may  be  seen  from 
the  following  table  of  Messrs.  Wilson  and  Co.'s  grabs: 

Capacity  of  gTabs I        h        f       1  cu.  yd. 

Approximate  weight 17       22       28     35  cwt. 

Thus  the  weight  will  have  the  following  relation : 
W  =  1:5  +  14  F+  s  r- 
wliere  W  =  weight,  in  hundredwciylits.  and 
T^  =  capacity,  in  culjic  yards. 

Therefore,  the  bucket  of  I  cu.  yd.  capacity  has  a  dead-weight  1.95 
times  that  of  the  bucket  of  1  cu.  yd.  capacity,  in  proportion  to  the 
material  to  be  contained.  ]\fr.  John  Newman  said  that  in  a  very 
large  bucket  the  weight  may  be  as  little  as  0.75  of  that  of  the  earth 
lifted,  while  in  a  small  bucket  it  tl\&j  vary  from  1.2  to  1.7  times  the 
weight  of  the  earth,  so,  in  proportion,  much  more  dead-weight  has  to 
be  raised  each  time.  But  it  must  be  kept  in  mind  that  the  increase 
in  weight,  as  will  be  seen  later,  is  necessary  for  increasing  the 
penetrating  power  of  a  bucket. 

Form  of  Buchet. — Some  of  the  old  primitive  biickets  have  a 
single  spade,  as  in  the  Ives"  dredge,  or  eight  spades  forming  a  flat 
table  or  tray,  as  in  the  Milroy's  dredge.  At  present,  the  bucket  has, 
commonly,  two  scoops,  which  close  in  a  semi-cylindrical  form.  This 
form,  however,  is  not  fitted  for  sinking  cylinders,  becavise  of  the 
so-called  "nestling"  at  the  bottom,  that  is,  the  material  cannot  be 
cleared  away  from  the  sides  of  the  cylinders.  A  modification  of  this 
form  is  a  semi-octagonal  prism,  as  in  the  Stothert  and  Pitt's  or 
Grafton  and  Co.'s  buckets,  which  is  suitable  for  a  bucket  or  grab 
on  account  of  its  easy  construction.  Another  kind  of  bucket  having 
many  leaves  forms  a  hemispherical  shape  when  closed,  as  the  Priest- 
man's  special  bucket,  2  leaves;  Bruce  and  Batho's  and  Grafton  & 
Co.'s,  3  or  4  leaves ;  the  Knight's  patent,  6  leaves,  etc.  This  shape  is 
more  suitable  for  cylinder  sinking  than  the  others.  Being  circular 
in  plan,  it  can  be  made  of  nearly  the  same  size  as  the  internal 
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diameter  of  the  cylinder,  and  will  cut  out  the  material  close  to  the 
edge  of  the  curb,  and  avoid  the  necessity  of  what  is  called  under- 
cutting. 

Now,  in  order  to  lessen  the  quantity  of  earth  washed  away  while 
raising  a  bucket  through  water,  the  bucket  must  have  a  minimum 
surface  exposed  to  the  water.  Comparing  the  spherical  bucket  with 
the  semi-cylindrical  bucket,  having  a  square  plan,  as  is  usual,  and 
an  equal  volume,  the  ratio  of  contact  surfaces  will  be  1  :  1.2.  In 
this  respect  the  former  will  be  better  than  the  latter;  but,  liaving  a 
greater  ninnber  of  leaves,  it  will  be  more  liable  to  leak.  Mr.  H.  J. 
Coles,  who  used  a  semi-cylindrical  bucket  for  clearing  out  a  well, 
300  ft.  deep,  fo\ind  that  the  amount  of  material  brought  up  through 
150  ft.  of  water  was  not  perceptibly  different  from  that  brought  up 
through  5  ft.  of  water.  Much  more,  therefore,  need  not  be  said  as 
to  the  bucket's  holding  spoil  in  passing  through  water. 

The  cutting  edge  of  the  bucket,  when  opened,  should  be  so  di- 
rected that  the  tangent  plane  at  that  edge  will  be  vertical.  More- 
over, the  bucket,  in  order  to  discharge  the  dredged  material  easily, 
has  an  oval  form. 

Type  of  Bucket. — Among  the  many  types  of  semi-cylindrical 
buckets,  each  specially  adapted  to  dredge  a  particular  kind  of  soil, 
are  the  following: 

1. — The  plain  plate  bucket,  for  lifting  soft  mtid,  di-y  sand, 
grains,  etc. ; 

2. — The  plain  plate  bucket  without  side  tines,  having  mure  dig- 
ging power  than  the  plain  bucket,  and  closing  more  tightly  than  a 
half-tine  grab,  and  so  retaining  wet  material  better; 

3. — The  cornigated  plate  bucket,  a  very  strong  light  grab  bucket; 

4. — The  half-tine  grab,  suitable  for  excavating  hard  sand,  earth, 

gravel,   coal,   or   any   other   niaterial   that   requires    a   considerable 

amount  of  digging  power,  this  being  the  form  of  grab  which  has 

the  widest  range  of  utility  for  general  work; 

5. — The  whole-tine  grab,  used  for  hard  clay,  sand,  blasted  rock 
and  boulder,  for  clearing  weedy  growth  from  canals  and  rivers,  and 
for  other  purposes  where  the  maximum  digging  power  is  necessary. 
For  some  kinds  of  work  the  end  tines  are  entirely  removed. 

Mouthpiece  or  Cutting  Edge  and  Tine.- — As  the  force  with 
which  a  bucket  can  be  dropped  into  the  soil  is  simply  that  of  its  own 
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weight  falling  a  certain  distance,  special  provision  should  be  made 
for  extra  strength  in  the  bucket  edges.  The  mouthpiece  of  a  plate 
bucket  is,  therefore,  of  a  special  steel,  about  1:^  by  fT-  in.  This  piece, 
not  being  pointed,  serves  only  to  strengthen  the  edge,  and  not  to 
increase  the  penetrating  power,  for  which  it  would  be  necessary  to 
increase  the  weight  of  the  bucket  and  to  apply  a  certain  numlier  of 
tines.  A  tine,  although  pointed,  has  a  thickness  of  ^  or  2  in.  and  a 
width  of  1  or  1|-  in.  It  is  obvious,  however,  bearing  in  mind  the 
extent  of  the  cutting  edges  of  a  bucket,  that  a  tine,  having  a  pene- 
trating area  of,  say,  less  tban  1  sq.  in.,  has  a  greater  power  of  pene- 
tration than  in  a  plate  bhide,  whether  corrugated  or  not.  Moreover, 
the  tine  will  increase  the  weiglit  of  the  bucket,  so  as  to  keep  it  from, 
slipping  or  scraping  along  the  surface  of  the  soil.  The  increase  in 
weight  of  the  half-tine  gral)  over  that  of  the  plate  bucket  is  from 
20  to  30%,  and  that  of  the  whole-tine  grab  is  about  90  per  cent. 
This  increase  in  weight,  which  is  neces- 
sary to  withstand  severe  shocks,  will 
also  serve  to  increase  the  penetrating 
power  in  proportion. 

Penetrating  Power  of  Bucket  }clieii. 
Closing. — Fig.  8  represents  a  plate 
bucket,  where  A  B  and  A  C,  the  length 
of  which  =  '/.  are  hinged  at  .4.  P> . 
and  C. 

B  J)  K  and  (J  D  P  arc  semi-cyliu- 
drical  scoops,  hinged  at  D,  the  radius 
being  /;.  IF  =  gross  weight  of  bucket, 
f  •-=  total  penetrating  power  of  a  scoop, 
supposed  to  be  distributed  only  aloi  iv 
the  edge.  /'  / 

When  the  lifting  chain  of  the  crane  ^■'^'-  ^■ 

is  acting,  the  pin  at  II  is  pulled  down  by  the  closing  chains,  and  the 
mouthpieces  of  the  scoops  tend  to  iM'uetrate  the  earth,  as  long  as 
the  tension  in  the  former  cliain  is  less  than  IT.  neglecting  friction. 
._     1     „.  sin.  {(>  +  0) 


^\ 


wliero  sin.  0  = 


cos.  d 


a. 


sni.  cp. 
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Tlie  work  done  by  the  moutlipiece  traversing  from  0j  to  (j>.y 

Tlie  space-average  foi'ce  will  be 


cj  ov  J]^^^^^^^   is  maximum  when  a  is  greatest;  I)ut  the  usual  projxjr- 
tion  is  a  =  \.r>  h. 

Substituting  15°  for  0^,  105°  for  c/x^,  :'>  ft.  for  a  and  2  ft.  for  6.  as 
found  in  a  Priestman's  bucket,  we  have 

9 
,  /   -J  ^"^-  ^  •^*^^-  ^  \ 

.&j  =  2.2H  W. 

Again,  tracing/', 

f  ^  (I. -21  IF,  when  the  bucket  is  fully  opened: 
/=  O.H  ir,  when  jB  D  is  i^  to  J.  B\ 

./=     ,)   TF.  when  B  7J  is  horizontal; 

/  =:  0.37  ir,  when  the  bucket  is  closed. 

]Srext,  let  K  represent  the  linear  velocity  of  the  point  ^1.  which  is 

uniform:   then  the  linear  velocity  of  JJ  or  C,  called  T",  will  lie   reiire- 

sented  l)v  the  following  equation: 

(  &  ) 

I    =  jr   J  cosec.   (/)  ■ —  7 -, I   , —  r 

(  tan.  0  («  cos.  fi-\-o  cos.  cp)  ) 

r  =  K,  when  B  B  \a  l""  to  A  B. 

T'=  O.s;!  K,  when  B  B  is  horizontal. 
From  these  calculations,  it  will  be  seen  that  the  penetrating 
force  entirely  depends  upon  the  gross  weight  of  the  bucket,  and  the 
bucket,  when  closing,  exerts  a  very  poor  force  at  the  beginning,  but 
a  tolerable  one  at  the  end  of  the  work,  the  latter  being  necessary  in 
order  to  close  the  bucket  tight.  The  weight,  however,  cannot  be  in- 
creased, as  it  would  cause  a  great  loss  of  work  in  raising  the  bucket, 
and,  from  the  capacity  of  the  bucket,  the  upper  edge  of  each  scoop 
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cannot  be  made  to  take  the  horizontal  position,  when  the  bucket  is 
entirely  opened.  Thus,  it  may  often  happen  that  a  bucket  working 
in  hard  soil  closes  itself,  merely  scraping  the  surface. 

The  writer,  finding  that  the  Priestman's  plate  bucket,  newly 
armed  with  outside  tines,  or  even  the  half -tine  grab  cannot  work  well 
in  fine  sand,  used  a  "loosing"  method,  as  he  called  it.  When  the 
bucket  is  dropped,  a  slight  pull  is  given  to  the  lifting  chain,  which 
is  soon  let  go.  Kepeating  this  two  or  three  times,  the  surface  is 
sufficiently  loosened  to  allow  the  mouthpieces  to  exert  a  greater 
penetrating  force.  The  effect  is  good,  any  loss  of  time  being  com- 
pensated by  certainty  of  action,  the  bucket  being  full  or  nearly  so. 
But  this  method  is  not  advisable  for  common  use  on  account  of  great 
wear  on  the  friction  rollers. 

Opening  and  Closincj  Methods. — There  are  two  methods  of  open- 
ing and  closing  buckets;  one  l)y  a  single  chain,  and  the  other  by 
double  chains.  The  Gatmell  or  some  other  primitive  single-chain 
bucket  has  to  be  laid  on  a  platform  before  it  can  be  discharged,  and 
the  discharge  has  to  be  made  by  an  attendant.  But  under  the  Wild's 
or  Cole's  patent,  an  ingenious  arrangement  of  dogs  and  disengaging 
apparatus  is  used  to  work  quite  automatically.  In  this  method,  how- 
ever, the  apparatus  necessitates  lifting  the  bucket  to  a  certain  fixed 
height  at  each  dip,  even  when  coming  up  empty,  in  order  that  the 
dogs  may  enter  the  disengaging  ring  to  efi^ect  the  opening  of  the 
bucket  previous  to  the  next  descent.  The  lifting  height  cannot  be 
adjusted  in  accordance  with  the  free  board  of  a  barge  which  is  being 
loaded.  When  dredging  where  pile  stumps  and  wreckage  prevail, 
this  defect  often  necessitates  either  sending  a  diver  below  to  open 
the  bucket,  or  the  use  of  a  special  arrangement  of  chain  slinging. 
Moreover,  the  dog  sometimes  becomes  clogged  with  dirt  and  grit, 
and  refuses  to  act,  preventing  the  bucket  from  closing.  These 
drawbacks  ar^  obviated  in  the  Priestman's  or  Morris  and  Cuming's 
bucket  by  using  two  chains  in  connection  with  the  machine,  one 
chain  to  open  the  bucket  and  the  other  to  close  it.  One  defect  in  this 
system  is  that  the  apparatus  cannot  be  worked  by  an  ordinary  crane, 
but  requires  a  special  crane  fitted  with  two  chain  barrels,  as  in  the 
Morris  and  Cuming's  dredge,  or  with  a  counterweight,  as  m  the 
Priestman's  dredge,  for  working  a  second  chain.  The  depth  at 
which  this  arrangement  can  operate  the  bucket  is  limited,  and  any 


342  CRANE   AND   LADDER  DREDGES. 

increase  of  depth  would  cause  a  great  alteration.  The  complication 
of  the  crane  requires  greater  skill  to  operate  it ;  but  when  the  operator 
is  accustomed  to  it,  it  is  quicker  in  motion  than  the  single-chain 
crane,  which  has  more  motions  to  make  in  discharging.  Mr.  J.  L, 
Stothert,  as  one  of  the  judges  to  examine  the  dredging  appliances  at 
Tyneniouth  Exliibition,  stated  that  the  Priestman's  dredge  was 
much  in  advance  of  the  others,  notwithstanding  that  he  was  a  mem- 
ber of  a  firm  that  had  a  special  dredge  of  its  own :  the  Wild's  patent. 

Guide-Framf,  Poleti.  Spear,  G ylindrical  Weiglit.  etc. — The  cross- 
head,  which  is  connected  to  the  links  of  a  bucket,  is  so  constructed 
as  to  slide  in  a  guide-groove,  in  the  Priestman's  dredge,  or  some- 
times in  a  single-chain  dredge.  This  guide  acts  like  a  diagonal  line 
in  a  quadrilateral,  and  transmits  equal  force  to  each  of  the  two  halves 
of  a  bucket,  when  opening  and  closing.  Without  this,  each  scoop 
of  a  bucket  is  liable  to  trace  unequal  lengths  of  path ;  and,  moreover, 
the  bucket  is  obliged  to  have  its  chain  barrel  shaft  in  the  same 
position  with  the  connecting  pins  of  the  two  halves,  which  causes 
the  barrel  to  be  buried  in  nmd,  so  tliat  it  does  not  work  smoothly.  The 
Dick,  Kerr  and  Co.'s  double-chain  bucket  is  without  this  contrivance. 
To  obviate  this  defect,  Mr.  Cockburn  adopted  a  guide  tube,  which 
slides  in  the  catch  of  a  single-chain  bucket,  and  througli  which  the 
closing  chain  works. 

Bruce  and  Bathe's  dredge  is  furnished  with  a  spear,  which,  ac- 
cording to  Mr.  George  Boswell,  is  to  keep  the  bucket  mouth  ver- 
tically downwards;  without  it  the  bucket,  when  in  contact  with  an 
uneven  bottom,  would  turn  over  on  one  side,  and  as  a  natural  conse- 
quence would  come  up  empty.  It  consists  of  a  tapered  spruce  pole 
about  50  ft.  long  and  works  loose  through  thimbles  at  the  jib  end. 
The  guide-poles  attached  to  the  frame  of  the  bucket  in  American 
dredges  are  said  to  be  used  for  similar  j^urposes;  but  they  will  also 
guide  the  bucket  to  prevent  its  revolving  around  the  lifting  chain 
and  giving  torsion  to  the  chain.  ISs^o  doubt,  when  the  bucket  is 
cutting  into  the  material,  the  spear  and  the  guide-poles  will  add 
much  to  the  efficiency  of  the  machine  in  shallow  water;  but  where 
there  is  any  considerable  depth  of  water,  the  extra  weight  will  more 
than  counterbalance  any  gain  in  the  dredging  capacity. 

Sir  John  Coode  designed  a  patent  cylinder-sinking  grab  for  in- 
creasing  its   iiriietratiiig  power.      The   ^raV)   is   fitted   with    a    jiatent 
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circular  guard,  Avliich  forms  a  guide  in  the  cylinder.  It  is  also  fur- 
nished with  the  double  system  of  tines,  which  work  with  a  peculiar 
"pick-and-shovel"  action,  both  digging  up  the  bottom  and  breaking 
down  the  side  material  in  a  most  effective  manner.  At  Casteries 
Harbour,  St.  Lucia,  where  these  grabs  were  used  for  puttiuc'  down 
concrete  cylinders,  stiff  clay  was  penetrated  with  results  such  as  had 
never  been  achieved  by  any  other  grab. 

Crane. 
Much  depends  upon  the  lifting  power  available,  for  the  larger 
the  capacity  of  the  dredge,  and  the  more  cohesive  the  earth  to  be 
excavated,  the  more  power  is  necessary  in  the  lifting  apparatus. 
The  excess  of  power,  according  to  Mr.  Newman,  may  be  as  much  as 
three  times  the  weight  of  the  excavation  to  be  lifted,  for  the  weight 
of  the  bucket  and  the  adhesion  of  the  earth  are  to  be  resisted.  To 
overcome  these  forces,  and  also  to  maintain  a  high  rate  of  speed,  the 
ample  margin  given  in  Table  S  is  allowed  in  the  lifting  power  of  the 
crane  by  Stothert  and  Pitt. 

TABLE  8. 

Capacity  of  bucket,  in  cubic  yards i         I.         ^         4         1 

Approximate   quantity   of   mud  lifted   per 

hour,  in  tons 12       16       25       35         50 

Weight  of  plate  bucket,  in  hundredweights.  12       19       23       26         30 
"         ''  half-tine      grab,      in      hundred- 
weights   14       25       27       34         40 

Weight    of    whole-tine    grab,    in    hundred- 
weights  —       35       42       48         55 

Weight  of  material  in  bucket,  in  hundred- 
weights    7J     10       15       22J       30 

Pull  required  on  chain,  in  tons lA       2         2i       3^         5 

Nominal  power  of  crane,  in  tons 2         3         5         7         10 

The  ordinary  crane  is  fitted  with  double  cylinders.  The  boiler 
is  usually  of  the  cross  water-tube  type,  which  reqiiires  less  care 
and  attention  than  any  tubular  boiler  when  using  dirty  or  salt 
water.  Its  working  pressure  is  commonly  75  II1.  per  sq.  in.  It 
stands  on  a  tank,  from  which  the  feed-water  is  drawn  by  a  pump 
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driven  direct  from  one  of  the  engine  cross-heads.  The  cover  of  the 
tank  forms  a  platform  for  the  driver  and  the  floor  of  a  coal  bunk. 
The  boiler  and  tank  act  as  a  counterweight  when  the  crane  is  loaded. 
The  driver's  position  shovild  be  such  that  he  can  take  a  clear  view 
of  the  work  to  be  done,  as  well  as  of  the  engines  and  gearings.  The 
operating  levers  should  all  be  brought  together,  and  so  arranged  that 
the  driver  has  thorough  control  with  the  least  amount  of  exertion. 

The  superstructure  is  carried  on  four  rollers,  or  sometimes  on 
two,  which  rest  on  the  roller  path,  a  solid  or  a  loose  ring.  The  re- 
sistance due  to  the  friction  of  the  ring  upon  its  seat  should  be 
ample  to  allow  the  crane  to  be  turned  or  slewed  at  a  rapid  rate,  but 
not  sufiicient  to  permit  the  breakage  of  any  of  the  teeth  of  the  gear, 
if  the  engine  be  suddenly  started,  stopped  or  reversed,  or  the  swing- 
ing of  the  crane  be  by  any  means  arrested.  The  slewing  motion 
should  be  such  that  the  crane  may  swing  in  either  direction  without 
reversing  the  engines.  The  derrick  gear,  though  not  common  in 
dredges,  should  be  worked  by  worm  and  wheel,  with  safe  arrangement 
to  prevent  the  jib's  running  down. 

A  roof  of  light  structure,  covered  with  sheet  iron,  to  protect  the 
mechanism  and  the  operator,  will  be  of  great  service  in  exposed 
situations.  In  cold  climates  a  considerable  economy  in  the  con- 
sumption of  fuel  is  effected  by  covering  the  boiler  with  hair  felt  and 
wood  lagging,  over  which  is  placed  a  casing  of  sheet  iron,  whilst  in 
hot  climates  it  is  indispensable  to  the  driver's  comfort. 

Table  9  is  a  table  of  cranes  made  by  Messrs.  Stothert  and  Pitt. 

TABLE  9. 

Power  of  crane,  in  tons 2 

Radius  of  jib,  in  feet 14 

Diameter  and  stroke  of  cylinder, 

in  inches 5ix9 

Approximate  weight,  in  tons 7i 

The  radius  of  the  jib  should  be  such  that  the  bucket  can  dis- 
charge and  distribute  its  contents  over  a  barge  to  be  loaded. 

In  the  Priestman's  dredge,  the  chain  barrel  is  worked  by  friction 
rollers,  which  are  set  in  contact  by  means  of  an  eccentric.  A  special 
counterweight  is  used  to  bring  back  the  small  chain,  when  the  bucket 
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is  being-  lifted.  The  bucket  is  opened  by  holding  that  chain  with  a 
brake  and  letting  go  the  larger  chain. 

Some  American  or  .so-called  •'clam-shell"  dredges  liave  two  work- 
ing dmnis,  one  for  hoisting  and  one  for  lowering  chains.  The  drums 
are  supplied  with  friction  gear,  so  that  the  engine  does  not  require 
to  be  reversed,  the  weight  of  the  bucket  being  sufficient  to  lower  it 
when  the  friction  gear  is  thrown  out.  The  dredges  have  independ- 
ent booms  and  stays. 

Similarly,  in  a  self-propelling  dredge  it  is  usual  to  have  an  in- 
dependent boiler  of  the  marine  type,  and  in  this  case  the  crane  is  to 
be  provided  with  a  counterweight,  fixed  or  adjustable. 

The  common  dredge  has  a  lifting  velocity  of  about  100  ft.  per 
min.,  and  a  slewing  velocity  of  about  20  sec.  for  one  complete  revo- 
lution, the  bucket  being  fully  loaded.  In  10  to  20-ft.  depths  of 
water,  a  skilful  driver  is  said  to  make  one  dip  per  min.  Now,  as- 
suming the  lowering  velocity  to  be  equal  to  the  raising  velocity  and 
that  one-half  revolution  is  necessary  for  discharging,  the  niimber  of 
minutes  required  to  make  one  dip  in  any  depth  will  be  represented 
by  the  following: 

T—  .,  +  '•••'•-; ''  -f  ('■ 

T  =  number  of  minutes  for  one  dip, 
d  =  height  to  be  raised,  in  feet, 

C  =  number  of  minutes  required  for  opening  and  closing  the 
bucket  and  also  for  working  the  necessary  handles,  which  is  about 
one-third  for  a  skilful  drivor. 

■) 
Thus.  7'  =    3  +  *'•"-  ''• 

Harge. 

The  dredge  can  be  readily  put  afloat  by  simply  mounting  it  on 
any  pontoon  or  barge  of  sufficient  stability.  The  following  dimen- 
sions for  buckets  are  suggested  by  Messrs.  Stothert  and  Pitt: 

Size  of  bucket,  in  cubic  yards h  |  1            1^ 

Length  of  barge,  in  feet .35  40  50  60 

Breadth  "       "        "      "    15  20  25  25 

Depth      "       •'        "     "    5  5  6          6i 
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For  the  Osgood  dredge  the  following  dimensions  seem  to  be  used 
commonly : 

Size  of  bucket,  in  cubic  yards 3  5             7 

Length  of  barge,  in  feet 100  100         100 

Breadth  "'      "        "     "   30  35          40 

The  Priestman's  standard  sizes  for  barges  are  as  given  in 
Table  10. 

TABLE  10. 

Type.                                    Z.     Y.     A.  B.        C.       D. 

Capacity  of  bucket,  in  hundredweights.   2^     5       10  20       30       40 

Capacity  of  crane,  in  tons |     1:^       2i  4         6         8 

Radius  of  jib,  in  feet 12     14       18  IS       18       18 

Length  of  barge,  in  feet 30     38       45  50       55       60 

Breadth"       "        "     "    12     14       15  19       21       22 

Depth      "       "        "     "    H     M       4*  5         5i       6 

A  square  pontoon  of  timber  or  iron,  with  a  circular  end,  over 
which  the  crane  will  work,  makes  the  best  and  steadiest  platform  for 
the  crane,  but  ordinary  barges,  well  balanced,  will  answer  the  pur- 
pose in  narrow  canals,  and  when  the  dredge  miist  pass  through 
locks,  the  required  stability  may  be  given  to  the  barge,  when  at 
work,  by  attaching  a  pair  of  timber  or  iron  pontoons  to  each  side. 

For  temporary  work,  a  crane  with  all  motions  can  be  put  on  the 
barge,  even  without  removing  the  wheels,  if  the  amount  of  work  to 
be  done  is  small;  or  the  wheels  and  axle  boxes  can  be  taken  away, 
and  the  wrought-iron  frame  be  bolted  down  securely  to  the  deck  or 
to  some  beams  carried  iip  from  the  floor  of  the  barge,  the  center  of 
the  crane  to  be  near  one  end  of  the  barge,  so  that  the  dredge  can  cut 
its  own  flotation  and  work  at  each  side  and  around  the  end,  or 
dredge  over  the  end  and  deliver  into  a  barge  at  one  side,  or,  in  nar- 
row canals  and  rivers,  directly  on  the  banks. 

For  permanent  use,  the  vessel  should  be  built  of  iron,  with  prop- 
erly designed  hull,  having  a  suitable  hopper  well,  with  a  capacity 
proportioned  to  the  size  of  the  bucket,  the  crane  without  a  boiler 
to  be  placed  forward,  and  the  vessel  to  be  fitted  aft  with  the  ordinary 
inverted  engines  and  inarine  boiler.  Such  a  dredge  will  be  able  to 
fill  its  own  hopper,  and,  if  necessary,  one  or  more  barges,  and  then 
tow  away  to  sea  for  discharging. 
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For  the  dredfrinc:  work  at  Hakodate  Harbour  two  Pricstman's 
"D"  type  dred{?es  were  used,  the  radius  of  the  jih  being  18  ft.,  and 
tlie  dredg'iiiir  depth  82  ft.  below  water  level.  The  barge  has  the 
following  dimensions:     64  ]iy  22  ft.  liy  f)  ft.  10  in. 

The  tidal  range  at  the  harlionr  is  2  ft.  8  in.  The  site  to  be 
dredged  was  originally  14  ft.  <>  in.  in  (lei)th.  and  was  to  be  dredged  to 
24  ft.  6  in. 

The  bottom  consists  of  two  layers  of  soil:  the  first  layer,  which  is 
about  3  ft.  in  thickness,  consists  of  15%  mud  and  85%  sand;  and  the 
second  of  10%,  mud,  84%  sand  and  6%  shell.  At  the  mouth  of  the 
dry  dock  the  soil  is  somewhat  different,  being  10%  mud,  80%  sand, 
4%  shell  and  G%  round  pebble.  For  dredging  such  hard  earth, 
whole-tine  grabs  were  used.  The  two  dredges  worked  in  tlie  harbour, 
1  200  ft.  olf  the  dock,  in  1900,  and  at  the  inoutli  of  the  dock  in  1901. 

The  following  shows  the  cost  of  dredges: 

Two  dredges  received  at  Yokohama 25  816.93     j^en 

Freight  and  insurance  of  the  transport   from   Yoko- 
hama  to  Hakodate 2  141.802     " 

Two  barges 12  831.73       " 

Total 40  790.462     " 

Tables  11  and  12,  given  by  Mr.  Tsujinnira,  represent  the  work- 
ing hours  and  runnii]g  expense  during  the  short  interval  specified. 

Tn  the  Osaka  Harbour  Works,  5  Priestman's  "B''  type  dredges 
are  being  used.  The  capacity  of  the  bucket  is  20  cwt.  The  crane 
can  lift  4  tons,  with  a  radius  of  tlie  fixed  jib  of  IS  ft.  The  bauge 
is  54  ft.  'i  in.  long.  22  fr.  wide  and  6  ft.  deep,  having  a  mean  draft 
of  2  fl.  I'l  in.  Tlic  crane  is  in(»unted  on  the  stern  of  the  vessel. 
Tlic  dndging  d('i)tli  wiis  originally  25  ft.,  but  was  increased  to  35  ft. 
below  water  level  in  1902.  This  alteralion  was  made  by  changing 
the  diameter  uf  the  chain  barrel  from  11]  to  1.3J  in.,  the  counter- 
weight from  1  760  to  2  300  lb.,  and  elevating  the  height  of  sheaves  of 
the  smaller  chain.  The  dredges  are  called  ''Asahigala.''  The  depth 
of  the  sire  tn  be  dredged  varies  from  0  to  6  ft.  below  low  water,  and 
it  is  intended  to  deej^'n  it  to  1()  ft. 
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TABLE  12. 


, 

a 

la 

,fe 

i         Coal. 

M    . 

.2t<S 

■g*^ 

a 

Year. 

Month. 

Number 

of 

days. 

Wages. 
Yen. 

Tons. 

Cost. 
Yen. 

Other  E 

penses 

Yen. 

Depreciat 

of  10  pe 

cent.    Y 

Total. 
Yen. 

a 

1900   •} 

May 

62 

198.29 

20 

160.{K) 

73.31 

339.92 

169.96 

941  48 

2.31 

June 

60 

190.99       25 

190.00 

69.37 

339.92 

169.96 

960.24    1.72 

\ 

Jan. 

62 

226.53       10 

81.00 

73.92 

339.92 

169.96 

891.34 

3.08 

1901   - 

Feb. 

.56 

182.38  1     20 

162.00 

56.22 

.339.92 

169.96 

910.48 

2.90 

} 

March 

(52 

231.53       20 

162.00 

81.00 

339.92 
1  699.60 

169.96 

984.41 

2.48 

Total 

302  . 

1  029.72 

95' 

755.00 

353.82 

849.80 

4  687.95 

2.38* 

Average  per ) 

dredge  per  ^ 

1 

3.41    0.03 

2.50 

1.17 

5.63 

2.81 

15.52 

day 1 

1 

Percentage 

22.0 

16.1 

7.5 

36.3 

18.1 

100.0 

The  crew  consisted  of  1  chief  engineer,  2  second  engineers,  3  firemen  and  2  sailors. 
1  yen  =  50  cents. 
*  2.38  yen  per  tsuba  =  14.9  cents  per  cu.  yd. 


The  upper  2  or  3  ft.  of  the  bed  consist  of  fine  sand,  which  is 
very  difficult  to  dredge.  The  next  3  or  5  ft.  consist  of  mud  mixed 
with  fine  sand.  Below  this  is  a  soft  mud.  In  1898  the  dredge  used 
plate  buckets,  except  two,  which  had  half-tine  grabs.  In  1899  all 
used  plate  buckets  furnished  with  outside  tines;  in  some  cases,  how- 
ever, half -tine  grabs  were  used  whenever  coarse  sand  or  gravel  was 
found.     The  maximiim  tidal  range  in  this  harbour  is  6  ft.  6  in. 

The  Asahigata  Nos.  1,  2,  3  and  4  began  work  April  18th,  1898; 
No.  5,  July  11th,  and  No.  6,  August  1st.  The  machine  of  No.  1 
was  replaced  by  a  common  crane  and  used  for  other  purposes  after 
October  31st,  1899. 

The  dredging  site  was  open  to  the  sea;  so  that  when  south  or 
west  winds  prevailed  the  dredges  had  to  be  towed  into  the  refuge 
place. 

The  cost  of  the  plant  was  as  follows : 
The  Priestnian  dredge,  "B"  type,  with  one  extra  plate 

bucket,  received  at  Osaka 6  533.333  yen 

Wooden  barge,  including  the  mounting  of  the  machine. 3  321.40       " 


Cost  of  one  dredge 9  854.73c 
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Besides  this,  2  extra  grab  buckets  were  supplied,  each  costing 
975    yen. 

Tables  lo  and  14  represent  the  working-  and  running  cost  of  the 
dredges. 

The  dredging  capacity,  as  can  be  seen,  increases  year  by  year, 
the  driver  becoming  more  skillful  by  practice.  The  working  cost, 
on  the  contrary,  decreases  each  year.  To  the  premium  given  in  the 
table,  the  writer  will  refer  later. 

Concluding  Remarks. 

The  cost  of  working  does  not  increase  with  the  dredging  depth, 
for  a  dredge  of  this  t.^T^e  can  be  efficiently  used  at  any  ordinary 
depth  with  but  little  additional  expense.  However,  it  is  generally 
agreed  that  the  shape  of  the  bucket  has  much  to  do  with  the  success 
or  failure  of  the  apparatus. 

For  removing  cohesive  or  hard  compact  soil,  ordinary  buckets 
have  too  much  surface  to  penetrate  the  earth  readily,  and  may  be 
unable  to  do  so.  Fine  sand  or  even  coarse  sand,  if  under  a  consider- 
able head  of  water,  may  be  difficult  to  penetrate  with  ordinary 
scoops,  which  may  not  bite  or  enter  sufficiently  to  enable  the  bucket 
to  gather  its  proper  quantity  of  soil,  and  it  then  often  merely 
scrapes  the  surface.  Boulders  are  also  difficult  to  dredge,  one  piece 
only  being  lifted,  if  it  be  caught  at  the  joint  where  the  two  halves 
make  contact.  The  bucket  is  often  apt  to  tilt  and  become  ineffectual, 
if  a  small  piece  of  rock  happens  to  get  under  the  cutting  edge. 
Grabs,  therefore,  together  with  other  special  appliances,  are  re- 
quired to  plow  the  soil. 

The  means  of  lowering,  closing  and  raising  a  bucket  or  grab 
have  been  well  considered,  and  it  is  in  the  direction  of  increased 
efficiency  of  the  c\itting  and  breaking  apparatus,  so  as  to  feed  the 
bucket  or  grab,  and  cause  it  to  till  quickly  and  easily,  that  the  great- 
est scope  for  improvement  exists. 

Experience  points  to  the  advisability  of  an  eifective  use  of  a 
mechanical  tool,  such  as  a  cutter  or  jumper,  to  disintegrate  the 
material,  and  then  of  a  grab  or  bucket  to  raise  the  loosened  soil, 
rather  than  to  attempt  to  excavate,  collect,  and  raise  the  material 
with  one  machine  at  one  operation. 
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Ladder  Dredges. 

The  essential  apparatus  of  the  ladder  dredge  is  an  endless  bucket 
chain,  which  turns  around  two  tumblers  placed  at  the  extremities 
of  a  ladder.  The  ladder  is  composed  of  metallic  girders,  connected 
to  the  top  of  a  frame  by  a  shaft,  which  permits  the  girder  to  revolve 
so  as  to  change  the  position  of  the  lower  end. 

Generally  speaking,  the  dredge  is  adapted  to  homogeneous  ma- 
terial, and  where  a  regular  cut  can  be  taken  over  a  large  area. 
Hard  soil,  however,  presents  no  obstruction  to  this  type  of  dredge, 
provided  it  is  constructed  witli  sufficient  strength.  The  great  power 
and  strength  of  the  machines  enable  them  to  work  in  any  kind  of 
soil  that  can  be  penetrated  or  excavated  by  mechanical  means.  It 
is  only  a  qiaestion  of  strength  of  the  apparatus  and  steam  to  over- 
come resistance.  In  some  dredges,  the  power  of  the  engines  limits 
the  strain  on  the  bucket  chains,  and  they  are  made  sufficiently 
strong  to  withstand  safely  any  resistance  with  the  throttle  wide  open 
and  full  pressure  of  steam. 

This  type  is  a  favorite  in  Europe,  though  not  so  popular  in 
America.  In  dredging,  it  is  necessary  to  give  sufficient  pull  to  the 
front  chain,  or  to  force  the  cutting  edges  of  the  buckets  into  the 
material  to  be  dredged,  causing  them  to  penetrate  partly  by  their 
weight,  and  partly  by  the  mooring  chain.  When  working  in  a 
channel  or  a  narrow  space  the  mooring  chains  cause  some  restraint 
to  navigation.  It  is  not  generally  adapted  to  work  at  the  entrance 
of  a  harbour  or  other  exposed  site,  because  heavy  waves  cause 
violent  shocks  to  the  ladder  on  account  of  its  rigid  connection. 
When  the  wave  height  is  more  than  2  or  2.5  ft.,  it  becomes  dangerous 
to  work  with  this  type  of  dredge.  Moreover,  it  has  the  great  dis- 
advantage of  having  to  lift  the  spoil  to  a  height  much  greater  than 
required  for  discharging  it  into  the  hopper  well  or  barges. 

Hull. 
The  form  of  the  hull  depends  entirely  upon  the  condition  of  the 
work.  The  length  is  closely  related  to  the  dredging  depth,  and  also 
to  the  capacity  of  the  spoil  well,  if  any.  When  the  dredge  has  to 
pass  through  a  narrow  dock  entrance,  or  other  openings,  its  width  is 
limited.  When  it  has  to  work  in  an  open  sea  it  should  be  wide. 
These  conditions,  together  with  the  working  capacity  and  the  depth 
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of  the  site,  will  affect  the  depth  and  also  the  draft.  The  frames, 
their  pitch,  plating,  etc.,  are,  of  course,  to  be  proportioned  to  the 
work.  The  hull  of  the  dredge  is  generally  made  of  iron  or  steel, 
but  steel  is  preferable  for  the  bottom  plating,  as  it  is  sometimes 
exposed  to  grounding. 

Stationary  Barge-Loading  Dredge. — This  dredge  is  usually  of 
small  capacity  and  used  only  in  calm  water,  as  in  a  canal  or  river. 
The  vessel  is  lightly  constructed,  with  a  flat  bottom,  the  material  be- 
ing steel,  iron  or  sometimes  wood.  Table  15  gives  some  existing  ex- 
amples from  which  the  following  relations,  which  will  suggest  the 
usual  proportions  of  the  dimensions  of  the  hull,  are  obtained. 

Length 


Dredging  depth 

Breadth 

Length 

Depth 

Length 

Draft 


Length 
Length  X  Breadth  X  Draft 


=  3.0  to  5.0 
=  0.2  to  0.3 
=  0.075  to  0.12 
=  0.035  to  O.OG 
=  1.2  to  2.5 


Hourly  dredging  capacity 

Self-Propelling  Barge-Loading  Dredge. — This  kind  of  dredge 
has  a  moulded  hull,  like  that  of  a  cargo  boat,  and  is  so  constructed  as 
to  be  able  to  navigate  in  an  open  sea  with  a  velocity  of  from  6  to  10 
knots.  It  is  commonly  used  for  the  up-keep  of  ports  or  channels  of 
estuaries,  where  barge  loading  can  be  done  safely  in  calm  weather, 
but  occasional  swells  necessitate  the  dredge's  retiring  to  headquar- 
ters. It  can  also  be  used  to  tow  the  barges,  if  necessary.  The 
dredging  capacity  is  much  greater  than  that  of  a  stationary  dredge. 

Some  existing  examples  arc  shown  in  Table  16. 

The  relations  are  as  follows: 
Length 


Dredging  depth 
Breadth 


Length 

Depth 

Length 

Draft 

Length 


=  4.3      to  5 
=  0.18    to  0.23 
=  0.07    to  0.075 
=:  0.045  to  0.055 
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TABLE   16.— Showing  Comparative  Proportions  of   Some   Self- 
Propellixg  Ladder  Dredges. 


Dredge. 


Destination. 


Length.  L 

Breadth,  B.... 

Depth,  D 

Draft,  Dt 

Dredgi  iig| 

depth,  D  d.  ( 
Bucket  capa- 1 

city.  Cubic  > 

feet \ 

Bucket  velo-  { 

city \ 

Dredging 

cap  a  c  i  t  y. 

Tons,  C... 


Engine 

Pressure. I 

Pounds f 

Position     off 

ladder 1 

Number     o  f  ( 
propeller.-;.  ( 

I.  h.  p 

"Velocity     of 
V  e  s  s  e  i  . 

Knots 

L 

D  d 

B 

L 

D 

L 

pt 
L   


127-  5 

24-  1 

9-  2 

6-11 

28-  8 


10.6 


^  3 


130-0 

30-0 

8-0 

5-9 

30-0 


4.44 
0.189 
0.073 
0.0S4 


200 

2 
com- 
pound. 

90 

bow. 

2 
600 


4.33 
0.231 
0.062 
0.044 


5 

e 
1 

V  03 

1 

140-  0 

159-11 

38-  0 

30-  0 

15-  0 

12-  0 

10-  0 

7-  6 

35-  0 

27-11 

12 

12 

12-18 

13-14 

400 

360 

2 

)          ( 

com- 

••••i 

pound. 

1 

100 

stern. 

2 

600 

75 

6 

6 

4.00 

5.73 

0.2:?6 

0.188 

0.107 

0.075 

0.071 

0.047 

tl5 


32-10 
11-  2 

8-  2 

32-10 


15 

574 

2 
com- 
pound. 

114 

stern. 

2 
500 


4.88 
0.205 
0.070 
0.051 


196-  0 
35-  6 
13-  0 


45-  0 

20 

15-10 

400 

2 
triple. 

180 

bow. 

2 


101 

4.86 

0.181 
0.066 


200-0 

35-0 

11-6 

9-0 


182-  0  164-  0 

33-  7  32-10 

13-  1  12-6 

8-10  8-  6 


39-  4       35-  1 
21  26.5         31.8 


800 

2 
com- 
pound. 

90 
stem. 

2 

500 


0.175 
0.058 
0.045 


574 


[■•■•] 


2 
coin- 
pound. 

105 


500 
7.5 

4.63 

0.185 
0.072 
0.049 


2 

800 


Si 

4.68 
0.200 
0.076 
0.052 


The  length,  breadth,  depth,  draft  and  dredging  depth  are  given  in  feet  and  inches. 


Self  and  Barge-Loading  Dredge.— Tlh.\&  is  a  sea-going  vessel, 
arranged  to  be  used  as  a  dredge  as  well  as  a  barge.  This  is  what 
chiefly  distinguishes  it  from  the  barge-loading  type.  Its  best  field 
is  where  the  depositing  site  is  not  more  than  three  miles  from  the 
dredging  ground.  The  advantage  which  the  hopper  dredge  possesses 
over  the  ordinary  dredge  is  that  the  first  cost  of  plant  is  less,  no 
barge  being  required.     It  is  a  convenient  machine  to  operate  in  a 
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rough  sea,  where  barges  cannot  be  moored  alongside.  It  can  be 
advantageously  used  where,  on  account  of  great  range  of  tide,  or 
from  other  causes,  dredging  can  be  done  during  a  portion  of  the 
tide  only.  In  that  case  the  vessel  and  tlie  crew  may  be  more  econom- 
ically employed  in  taking  the  dredged  material  out  to  sea  and  de- 
positing it  than  in  idly  waiting  for  the  time  to  resume  work  whilst 
the  dredged  material  is  being  conveyed  by  other  vessels  and  crews. 
In  canals  and  narrow  channels,  where  hoppers  alongside  a  barge- 
loading  dredge  will  be  inconvenient,  and  in  navigation  of  great 
length,  where  small  quantities  of  dredged  material  might  be  re- 
quired at  intervals,  the  self-contained  arrangement  of  the  hopper 
dredge  will  be  of  advantage. 

On  the  other  hand,  a  hopper  dj-edge,  when  going  to  discharge,  has 
to  transport  the  useless  dredging  apparatus,  which  is  placed  in  a 
position  vmfavorable  for  maintaining  the  stability  of  the  vessel. 
This  inconvenience  is  seriously  felt  when  the  dredge  has  to  travel 
a  great  distance  in  a  rough  sea  for  discharging.  With  a  hopper 
dredge,  dredging  becomes  more  intermittent  and  irregular,  and  it  is 
difficult,  after  each  trip,  to  find  the  previous  cutting  front.  There 
is  a  loss  of  time  due  to  taking  and  dropping  mooring  chains  when 
going  to  discharge;  and,  moreover,  a  long  time  is  spent  in  navi- 
gating and  discharging.  The  net  dredging  capacity  is,  therefore, 
greatly  reduced.  Hence,  when  the  quantity  of  soil  to  be  dredged 
is  great,  when  many  dredges  are  to  be  worked  simultaneously,  or 
when  a  large  number  of  barges  is  at  the  service  continuously,  a 
hopper  dredge  is  never  used,  except  in  an  open  sea,  or  when  there  are 
some  special  inconveniences.  Moreover,  it  has  a  greater  draft,  so 
that  it  cannot  be  used  in  shallow  water  without  danger  of  grounding, 
although  it  is  constructed  so  as  to  be  able  to  cut  its  own  flotation. 

There  are  some  authorities  who  insist  that  a  hopper  dredge  can 
work  with  a  smaller  number  of  men  and  the  cost  of  dredging  and 
transport  is  less  than  with  a  stationary  dredge  and  barges.  The 
first  cost  of  plant  is  sure  to  be  lower,  but  a  greater  efficiency  and 
economy  in  dredging  will  be  obtained  with  an  ordinary  barge-load- 
ing dredge  supplied  with  barges.  So  it  is  yet  to  be  proved  that  a 
vessel  with  a  dead- weight  of  machinery,  etc.,  considerably  in  excess 
of  its  cargo,  and  with  a  much  larger  crew  than  necessary  for  the 
purpose,  can  convey  to  sea  a  hopper  load  of  dredged  material  at  a 
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cheaper  rate  than  a  vessel  having  only  a  sufficient  capacity  and  crew 
for  its  cargo. 

TABLE   17. — Showing  Comparative  Proportions  of  Various 
Hopper  Dredges. 


Dredge. 

1 

1- 

CO 

^1 

.1^ 

Destins-.tion. 

0) 

P. 
a 

6 

O 

O 

6 
c 

O 

o 

.2 
'C 
PQ 

£  0  3 

=«5 

Length,  L 

Breadth.  B 

Depth,  D 

Draft,  light.  Z)„. 

168 

80-2 

14-0 

8-8 

12-4 

31-2 

12.4 
16 
828 

525 
500 

r.o 

5.  .39 
0.180 
0.0S3 
1.42 

o.ora 

1.60 

137-9 
27-3 
12-2 

170-0 

33-6 

14-3 

9-3 

11-6 

35-0 

17. 
16 

6U0 

600 
o 
com- 
pound. 
120 

bow. 

2 

650 
7.0 

4.86 

0.191 

0.084 

1.24 

0.068 

1.00 

170-0 
36-0 
15-0 
10-0 
12-6 

35-0 

21. 
12-18 
600 

60O 

2 
com- 
pound. 
150 

stern. 

a 

500 
7.0 
4.86 

0.213 

0.088 

1.25 

0.074 

1.00 

179-9 

33-2 

14-0 

9-6 

12-2 

41-0 

11.3 
and 

10-15 

492 

525 

btw. 

2 

660 
6.25 
4.38 

0.184 

0.078 

1.28 

0.068 

1.07 

218-0 
48-0 
17-0 
10-6 
14-6 

36-0 

17.7 
16-18 
1  000 

1  000 

2 
triple. 

140 

stern. 

4 

1  300 
9.0 
6.06 

0.197 

0.078 

1.38 

0.067 

1  00 

236-0 
42-6 
16-0 

275-0 
47-0 
19-0 

Draft,  loaded,/), 

16-5 

Dredging            1 
depth.  Dd...  f 

Bucket     capa- ) 
city.      Cubic  V 
feet ) 

Bucket  velocity- 

32-10 

8.8 
and 
13.4 

43-0 

22. 

and 

12. 

40-0 

31. 

18-20 

Dredging     c  a- 1 
pacity.  Tons,  r 
Cd \ 

Hopper  capaci- 1 
ty.  Tons,  Vh.  { 

Engine > 

590 

500 

1 
com- 
pound . 
103 

bow. 
1 

1  250 

1  150 

2  200 

2 
triple. 

169 

bow. 

2 

1840 
10.0 
5.49 

0.180 

0.068 

.-> 

Pressure. Pounds 
Position  of  lad-  1 

der f 

Number  of  pro-  ( 

pellers f 

I.  h.  p 

triple. 

160 

stern. 

2 

Velocity   when  1 
loaded.  Knots  \ 
L 

1  620 

7.0 
4.20 

0.198 

0.088 

W4: 

6.87 
0.171 
0.069 

Dd 
B 

L 
D 

L 

D,  

D 
-Dio 

0  K5 

0.060 

L                   

Ch 

1.91 

Cd 

The  length,  breadth,  depth,  draft  and  dredging  depth  are  given  in  feet  and  inches. 
Th3  relations  are  given  in  Table  18. 


Twin  screws  are  adopted  for  a  stern-well  dredge,  which  has  its 
ladder  well  in  the  stern,  and  a  single  screw,  generally,  for  a  bow-well 
dredge.     The  former  gives  a  better  form  to  the  bow  of  the  vessel. 


CRANE  AND  LADDER  DREDGES. 


359 


and  the  stern,  being  large  enough  to  shelter  the  propellers,  necessi- 
tates the  use  of  two  rudders.  This  insures  great  maneuvering  power 
and,  at  the  same  time,  offers  a  great  displacement  for  supporting  a 
heavy  bucket  chain. 

Examples  of  this  type  will  be  found  in  Table  17. 

When  the  dredge  is  to  work  in  a  narrow  canal  or  channel,  it  is 
sometimes  constructed  with  four  propellers,  two  in  the  bow  and  two 
in  the  stern,  so  as  to  develop  equal  speed  ahead  and  astern.  The 
four  propellers  necessitate  the  construction  of  shafting  tunnels 
through  the  hopper,  if  any,  which  may  be  so  arranged  as  to  add 
materially  to  the  strength  of  the  vessel. 


TABLE  18. 


Proportion. 

Stationary 
dredge. 

Self-propelling 

barge-loading 

dredge. 

Hopper  dredge. 

^                                                 i 
Dd \ 

L   \ 

-f   I 

• 

.8.0     to  5.0 
0.3     to  0.3 
0.075  to  0.12 

4.3     to  5.0 
0.18   to  0.23 
O.OT    to  0.075 

4.8     to  6.0 
0.18    to  0.30 
0.07    to  0.088 

D,                                                 1 

1.3     to  1  4 

D„ \ 

^'      i 

0.04    to  0.06 

0.045  to  0.055 

0.067  to  0  07 

L                                         ■■■■\ 
Ch                                      I 

1.0     to  2  0 

Cd \ 

Engine  and  Boiler. 

Engine. — The  marine  compound  surface  condensing  engine  is 
generally  ^used  for  a  common  dredge.  As  the  work  of  a  dredge  is 
quite  variable,  it  is  very  necessary  to  have  a  superior  and  efficient 
engine.  Hopper  dredges  with  stern  wells  are  usually  provided  with 
two  compound  surface  condensing  engines,  sometimes  with  triple- 
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expansion  engines.     The  ratio  of  i.  h.  p.  to  dredging  capacity,  in 
tons,  varies  greatly  with  the  kind  of  dredge  thus : 

I.  h.  p. 
Kind  of  Dredge.  Capacity,  in  tons. 

Non-propelling  0.35     to     0.45 

Self-propelling  barge-loading 0.60     to     1.00 

Self  and  barge-loading O.SO     to     1.50 

The  i.  h.  p.  of  a  non-propelling  dredge  depends,  of  course,  upon 
the  work  done  in  raising  the  soil  and  also  upon  the  work  done  in 
overcoming  the  resistance  of  the  earth.  The  resistance,  however, 
being  much  greater,  the  i.  h.  p.,  roughly  speaking,  will  have  a  cer- 
tain ratio  to  the  dredging  capacity.  As  to  the  self-propelling  dredge, 
it  will  have  some  relation  to  the  displacement  of  the  vessel,  or  to 
^displacement's,  not  to  the  dredging  capacity.  That  is  why  the 
ratio  is  jnuch  greater  in  a  self-propelling  dredge  than  in  a  non- 
propelling  dredge.  The  following  is  a  table  of  the  power  required 
for  both  dredging  and  propelling,  as  determined  by  the  writer  in 
his  experiments  at  the  Osaka  Harbour  Works: 

I.  h.  p.  when  dredging        I.  h.  p.  when  propel- 
Dredge.  with  a  velocity  of  18  ling  with  a  velocity 

buckets  per  min.  of  7  knots. 

Shunhai  No.  1 118.9  514.1 

Sliunkai  No.  2 135.2  322.2 

The  power  required  for  dredging  varies  with  the  kind  of  soil  and 
also  with  the  height  to  which  the  soil  is  raised,  together  with  the 
friction  of  the  machinery;  so  that  it  is  very  difficult  to  find  a  gen- 
eral expression  for  the  horse  power  required.  However,  Mr.  Moles- 
worth  proposed  the  following  relation : 

i.  h.  p.  =  C (0.004  H  +  K), 
where  C  =  number  of  cubic  feet  dredged  per  minute, 

H  =  height,  in  feet,  to  which  the  material  is  raised,  that  is, 
(height  of  the  upper  tumbler  above  water)  +  (dredging 
depth), 
K  =  constant,  =^  0.35  for  stiff  clay  and  gravel,  =^  0.15  for 
soft  clay  and  mud. 

The  writer  took  several  indicator  diagrams  of  the  engines  of  self 
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and   barge-loading  ladder   dredges   of   the   Osaka   Harbour   Worlcs. 
The  heights  of  the  upper  tumblers  are : 

Height  of  Maximum 

Dredge.  upper  tumbler  dredging 

above  water.  depth. 

Asanagi  and  Yunagi 26  ft.  6  in.  15  ft. 

Shunkai   No.    1 26    "  35    " 

Shunhai   No.    2 36    "  35    " 

Each  indicator  diagram  differs  greatly  from  the  others,  on  ac- 
count of  the  irregularity  of  the  bottom,  the  discontinuousness  due 
to  alternate  bucket  and  link  of  the  chain,  and  variation  of  moment 
of  force,  due  to  the  sqiiare  form  of  the  upper  tumbler,  even  when 
the  nature  of  the  soil,  the  dredging  depth  and  the  initial  tension  of 
the  bucket  chain  remain  the  saine.  It  is  very  difficult  to  find  the 
true  i.  h.  p.  from  such  varying  diagrams.  But  the  writer  observed 
that  the  absorption  of  the  horse  power  of  the  machinery,  when  it  is 
running  light,  is  from  50  to  10%  of  the  total  i.  h.  p.  exerted  when  it 
is  fullj'  loaded,  while  the  theoretical  horse  power  for  raising  the  soil 
is  only  from  20  to  30%  of  the  total  i.  h.  p. 

Now,  treating  the  theoretical  horse  power  for  raising  the  soil  as 
xtnity,  horse  power  due  to  friction  of  machinery  when  running  light 
=  2  to  3. 

Horse  power  due  to  earth  resistance  and  additional  friction  of 
machinery  due  to  full  load  =  0.5  to  1.0  (the  earth  being  mud  or  soft 
clay). 

From  the  results,  it  will  be  seen  that  the  ladder  dredge  has  a  very 
poor  efficiency  as  a  machine,  and,  moreover,  that  the  material  is 
lifted  to  a  height  nearly  double  that  required.  The  first  drawback 
comes  from  the  rough  structure  of  the  bucket  chain,  and  the  second 
from  the  construction  of  the  shoot.  To  reduce  these  disadvantages, 
the  initial  tension  of  the  chain  should  be  made  as  low  as  possible, 
and  every  part  of  the  chain  be  well  lubricated.  The  upper  tumbler 
should  be  placed  as  low  as  possible,  or  the  shoot  should  be  dispensed 
with,  if  possible,  and  replaced  by  another  discharging  apparatus. 

Boiler. — The  boiler  is  commonly  of  the  marine  tubular  type. 
One  boiler  is  used  for  a  dredge  having  a  single  boiler,  and  two,  or 
sometimes  three,  for  a  dredge  having  a  pair  of  independent  engines. 
The  boilers  are  so  arranged  that  each  may  be  worked  independently 
of  the  others. 
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Transmission  of  Power. 

Power  is  transmitted  to  the  top  tumbler  supported  on  a  strong 
solid  frame,  the  height  of  which  is  determined  by  the  easy 
discharge  of  shoots.  The  transmitting  machinery  must  be  simple  in 
•construction  and  elastic  enough  to  resist  shocks.  Belting,  shafting 
and  pitch-chain  gearing  are  resorted  to.  Whatever  may  be  used,  a 
frictional  gearing  must  be  interposed,  to  avoid  the  danger  of  frac- 
turing any  part  of  the  machinery  in  case  of  a  sudden  shock  re- 
■eeived  by  coming  in  contact  with  unusually  hard  substances.  The 
hydraulic  clutch  is  commonly  used  on  the  German  small  dredge. 
Often  the  top  tumbler  shaft  is  driven  by  a  surging  wheel,  the  friction 
wave  of  which  is  so  large  that  it  does  not  interfere  with  the  struc- 
tural strength  of  the  rim. 

Belt  gearing  is  practically  noiseless  and  can  be  easily  started  and 
stopped.  As  the  belt  tensions  are  different  in  the  driver  and  in  the 
follower,  slips  occur,  causing  the  follower  to  revolve  at  a  slightly 
decreased  rate.  This  gives  a  dredge  an  advantage  in  case  of  shocks. 
However,  as  it  is  difficult  and  expensive  to  use  for  heavy  pressure, 
it  is  rarely  used  for  a  dredge  with  a  large  capacity. 

Shafting  is  used  in  connection  with  spur  gearing.  It  is  prac- 
tically noiseless,  but  considerable  power  is  required  merely  to  turn 
the  shaft. 

Spur-wheel  gearing,  on  the  other  hand,  is  noisy,  especially  when 
reversed.  The  teeth  are  liable  to  break  under  shocks  for  lack  of 
slip,  unless  a  slipping  clutch  be  introduced. 

Pitch-chain  gearing  is  as  useful  as  belt  driving,  decreasing  the 
number  of  working  parts,  while  modifying  the  power.  It  provides 
positive  transmission  and  may  be  used  with  a  heavy  load.  It  is 
much  more  elastic  than  shafting.  Mr.  Fred.  Lobnitz  prefers  it  to 
the  others  on  account  of  its  elasticity,  and  even  in  case  of  breakdown 
it  is  generally  easier  to  repair  than  spur  wheels.  The  increase  of 
pitch  after  wear,,  however,  causes  excessive  friction  and  bad  working. 

After  all,  since  the  introduction  of  cast  steel,  shaft  gearing  has 
been  generally  adopted  for  a  large  dredge,  and  belting  for  a  medium- 
size  dredge,  while  pitch-chain  gearing  is  used  only  by  some  special 
■dredge  makers.  Whatever  means  may  be  used  for  driving  the 
tumbler,  the  most  approved  practice  is  to  have  two  wheels  on  the 
top  tumbler  shaft  so  as  to  have  equ^l  torsion  and  smooth  driving. 
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Len^h  between  perpendicula 
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Breadth  moolded 

33'0 
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u'i 

.   Scale  of  Teet 

012     4      C  10  11  18 
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For  the  same  reason,  two  sets  of  belt  or  pitch  chains  are  to  be  used. 

To  make  the  tumbler  revolve  7  or  8  times  per  min.  a  set  of  spur 
wheels  and  pinions  is  used.  Some  dredges  are  so  constructed  as  to 
have  different  port  and  starboard  engine  gears,  having  different 
velocity  ratios.  This  is  necessary  when  the  soil  to  be  dredged  is  of 
variable  nature.  Sometimes  the  gearing  which  transmits  the  motion 
from  the  engine  to  the  tumbler  shaft  is  so  arranged  that  the  speed 
can  be  varied  independently  of  that  of  the  engine. 

There  is  another  method  of  power  transmission,  which  answers 
well  for  some  special  requirements,  and  is  proposed  by  Mr.  Bates 
and  Mr.  H.  F.  Smulders,  namely,  electrical  transmission. 

The  following  advantages  are  claimed  by  Mr.  Bates  for  elec- 
trical transmission  used  on  dredges  in  harbours  and  canals : 

1. — The  hull  of  the  dredge  may  be  smaller,  and  the  first  cost, 
therefore,  cheaper. 

2.- — The  central  station  will  serve  to  supply  energy  for  other  in- 
stallations destined  for  the  construction ,  of  quay  walls,  etc.,  if  there 
be  such.  It  may  also  be  utilized  for  lighting  the  harbour,  working 
cranes,  and  moving  bridges,  lock  gates,  etc.,  even  after  the  dredging 
is  finished. 

3. — Every  part  of  the  mechanism  of  the  dredge  may  be  set  in 
motion  without  delay,  and  the  control  is  very  perfect  and  easy. 

4. — The  power  is  transmitted  by  a  cable,  enclosed  in  a  sheath 
forming  a  floater,  which  supports  the  cable  on  the  surface  of  the 
water. 

This  method  is  useful  where  a  group  of  non-propelling  dredges 
and  elevators  are  used;  but  it  cannot  be  applied  to  self-propelling 
dredges,  nor  adopted  at  a  site  where  obstruction  to  navigation  is 
seriously  felt. 

Dredging  Apparatus. 

BucJcet  Chain. — There  are  two  types  of  bucket  chains :  one  is  an 
open-connected  type  and  the  other  a  close-connected  type.  The  for- 
mer consists  of  buckets  and  links  alternately  connected,  and  is  used 
for  general  work.  The  latter  is  a  thorough  connection  of  buckets 
only,  and  is  used  for  specially  soft  and  homogeneous  mud.  For 
dredging  different  kinds  of  soil,  some  dredges  are  constructed  to 
have  two  sets  of  chains,  which  differ  only  in  the  bucket  contents. 
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The  velocity  of  the  bucket  chain  is  usually  denoted  by  the  num- 
I'er  of  buckets  traversed  per  minute.  It  shoiild  be  such  as  easily  to 
give  a  regular  and  uniform  feed  of  soil  to  the  buckets,  in  order  that 
they  can,  at  all  times,  work  to  their  full  capacity  without  causing 
any  severe  strain.  The  velocity  is  now  commonly  from  14  to  18 
buckets  per  min.  for  ordinary  soft  material,  and  from  10  to  13  for 
hard  substances.  Thus  the  linear  velocity  of  the  Ijucket  chaiu  will 
be  proportional  to  the  pitch  of  the  link. 

If  the  chain  is  open-connected,  and  used  for  soft  material, 

r=  2  (14 IS)  P. 

where  V  =  velocity  per  minute, 
P  =  pitch  of  chain. 
The  bucket  chain,  as  has  been  said,  shoidd  have  sufficient  strength 
to  withstand  safely  the  immovable  resistances  encountered.  The 
resistances,  of  course,  varying  with  the  nature  of  the  soil,  make 
it  very  difficult  to  determine  the  requisite  strength  of  chain  reqiiired. 
Table  19  gives  some  relations  between  the  dredge  capacity,  bucket 
capacity,  pitch  of  chain  and  the  diameter  of  the  pin,  which  have 
been  successful  in  practice. 

TABLE  19. 


Dredge. 


Shunkai  No.  1 

Shunkai  No.  2 

Shinchiku 

Koroku  and  Ichimatsu.. 

Asanagi  and  Yunagi 

No.  F  and  iVo.  VI. 


Destina- 
tion. 


Osaka. 

Osaka. 
Keelun. 
Atsuta. 

Osaka. 
Yodogawa. 


Dredging 

capacity. 

Tons  per 

hour. 


600 
600 
400 
400 
300 
100 


et 

ity. 

feet. 

Pitch 

Width 

•§io 

of  chain. 

of  chain. 

Bu 
Cap 
Cubi 

Inches. 

Inches. 

17 

33 

251 

21 

39i 

24| 

12 

32 

m 

15 

28i 

28 

6.5 

26 

143 

4 

20 

Hi 

(lUo  *^  iO())  ^'^^^^ 


Thus    bucket   capacity,  ii)    cubic    feet 

capacity  in  tons. 

Pitch  of  chain  =  (1  to  1.2)  ^  bucket  capacity. 
AVidth  of  chain  =  (1.0  to  O..)."))  X  pitch. 
Diameter  of  pin,  in  inches  = 

(0.0  to  O.S)  y^  bucket  capacity  in  cubic  feet. 
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Bucket. — The  bucket  should  be  such  that  it  can  easily  excavate 
the  material  without  deformation,  fill  itself  and  discharge  the  con- 
tents into  the  shoots.  It  should  also  contain  a  quantity  of  water, 
just  sufficient  to  clear  the  contents  from  the  shoots.  In  capacity  the 
bucket  may  be  from  3  to  35  cu.  ft.,  according  to  circumstances. 

The  buckets  were  formerly  made  of  wrought  iron,  either  welded 
solid  or  with  riveted  plates.  The  doTible  links  were  of  forged  iron 
or  of  malleable  cast  steel,  being  riveted  to  the  back;  but  with  the 
continual  jarring  in  working,  the  rivets  soon  became  loose,  then  the 
holes  began  to  wear.  If  taken  off,  they  could  be  refastened  with 
larger  rivets,  and  so  made  to  serve  a  little  longer,  but  new  backs  had 
to  be  put  on  soon  afterward.  These  repairs,  being  smithwork,  were 
very  expensive,  and  renewa^ls  had  to  be  effected  every  half  year. 
Now  the  buckets  are  generally  made  of  cast  steel,  the  back  and  the 
bottom,  together  with  the  double  links,  being  in  one  piece,  with 
flanges  at  the  sides  and  bottom  for  receiving  the  front.  The  front 
piece  is  usually  of  steel  plate,  reinforced  with  a  renewable  cutting 
piece  of  special  steel,  or  armed  with  tines  when  the  soil  is  hard. 
Claws  are  sometimes  used  between  the  buckets  for  loosening  hard 
clay  and  conglomerate. 

The  surface  adhesion  of  the  bucket  varies  with  the  square  of  the 
pitch  of  the  bucket  chain,  while  the  contents  vary  with  the  cube; 
so  that  the  larger  the  capacity  of  the  bucket,  the  smaller  will  be 
the  ratio  of  the  adhesion  to  the  contents.  Again,  to  make  the  dis- 
charge easy,  the  longitudinal  section  of  the  bucket,  both  vertically 
and  horizontally,  is  tapered. 

In  the  old  form  of  bucket  many  small  holes  were  punched  aroxxnd 
the  sides  to  drain  out  the  water;  but  recently  these  have  all  been 
abandoned  except  one  in  the  center  of  the  front  of  the  bucket,  which 
is  used  only  for  transportation.  Each  pinhole  of  the  double  link 
should  be  bushed  and  a  recess  cast  to  prevent  the  pin  from  turning. 

Linlc. — The  link  should  have  a  large  bearing  surface,  especially 
at  the  pinhole,  and  the  pinhole  should  be  bushed  with  a  ring  of  hard 
steel.  There  are  two  kinds  of  links:  the  single  link,  used  for  the 
connection  of  two  consecutive  buckets;  and  the  double  link,  which 
is  fixed  to  the  back  plate  of  the  bucket,  and  the  end  of  which  is  con- 
nected to  the  single  link  by  a  pin.  The  double  link  of  a  large  dredge 
is  now  generally  cast  in  one  piece  with  the  back  of  the  bucket.     But 
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in  a  smaller  dredge  it  is  sometimes  made  of  cast  steel,  or,  rarely, 
built  of  steel  bars,  as  in  the  dredges  of  the  Atsuta  Harbour  Works, 
where  the  connecting  link  consists  of  two  separate  bars. 

To  economize  material,  a  smaller  section  is  sometimes  given  to  the 
body  of  the  single  link  than  that  aroimd  the  pinhole,  as  may  he  seen 
in  Figs.  9,  10  and  11. 
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Fig.  9. 


Fig.  10. 


Fig.  11. 


Fig.  13. 


But,  as  the  lower  side  of  the  link  strikes  against  the  face  of  the 
upper  tumbler,  these  sections  will  not  answer  well  in  the  long  run. 
The  two  former  do  not  permit  the  link  to  be  reversed,  which  is 
necessary  when  wear  sets  in.  The  form  shown  in  Figs.  12  and  13, 
though  clumsy  in  appearance,  will  be  better  for  such  rough  work  as 
dredging.  For  a  smal  dredge  the  form  shown  in  Fig.  12  is  used, 
and  for  a  large  one  the  link  is  built  up  with  three  or  more  plates 
welded  and  riveted,  as  shown  in  Fig.  13. 

There  is  another  kind  of  link  called  the  "hunting  link,"  which  is 
used  to  adjust  the  length  of  the  bucket  chain.  This  link  serves  to 
connect  a  bucket  and  an  ordinary  link,  so  as  to  lessen  one  pitch  in 
the  chain,  and  also  to  prevent  the  uneven  wearing  of  the  tumbler, 
caused  by  the  buckets,  coming  on  the  same  face. 

The  hunting  link,  however,  reduces  the  dredging  capacity,  and 
is  used  only  on  a  large  dredge,  where  other  convenient  means  of  ad- 
justing the  bucket  chain  cannot  be  adopted.  Suppose  there  are  30 
buckets  and  a  hunting  link  in  the  chain,  then  the  loss  of  material 
dredged  will  be  uV  of  the  original  capacity  if  the  hunting  link  were 
not  used.  For  this  reason,  the  lower  tumbler,  or  the  upper  end  of 
the  ladder  of  some  small  dredges,  such  as  the  Asanagi  and  Yunagi 
of  the  Osaka  Harbour  Works,  is  made  to  slide  in  a  groove  in  order 
that  the  chain  may  be  adjusted  easily. 

The  usual  proportions  of  height  to  thickness  in  single  links  is. 
shown  in  Table  20. 


CRANE   AND   LADDER   DREDGES. 

TABLE  20. 


367 


Dredge. 

Destination. 

Bucket 
capacity. 
Cubic  feet. 

Height 
of  link. 
Inches. 

Width  of  link.   Inches. 

Xo.  Fand  No.  VI 

Asanagi  and  Yunagi ... 
Korokii  and  Ichimaisn . . 

Yodogawa. 
Osaka. 
Atsuta. 
Keelun. 

Osaka. 

Vladivostock. 

4 

6.5 
1.5.0 

6 

7 
73 

el 

7 

7A 

2toH 
4  at  end,  2J  at  middle. 

Sh  in  ch  iKni 

VZ 
17 
31 
22 

5| 
4^  at  end.  2f  at  middle 

.s7(  »/(/>■((/  Xo.  1 

2i 

3i% 

Thus, 

Height,  in  inches        =  (1.4  to  1.7)  y/  bucket  capacity,  in  cubic  feet. 
Thickness,  in  inches  =  (0.4  to  0.7)  X  height. 

On  a  small  dredge  sometimes  the  double  link  is  not  protected  with 
bushes ;  but  the  contact  surface  is  liable  to  be  crushed,  as  is  the  case 
with  the  single  link.  The  bush  is  a  ring,  3^  to  ^-^  in.  thick,  made 
of  a  hard  steel.  It  is  desirable  to  prevent  the  bush  from  turning 
in  the  hole. 

Pin. — The  head  of  the  pin  is  generally  square  or  rectangular 
and  fits  into  a  groove  of  the  same  form  in  the  double  link,  which 
prevents  the  pin  from  turning.  Theoretically  speaking,  the  form  of 
the  pinhead  should  correspond  with  the  form  of  the  upper  tumbler, 
so  as  to  allow  the  pin  to  be  used  with  the  same  number  of  turns  aa 
the  pinhead  has  sides,  when  -wear  sets  in.  In  practice,  however,  it 
is  better  to  turn  the  pin  twice  for  a  square  tumbler,  and  perhaps 
three  times  for  a  pentagonal  one,  to  make  the  wear  ai'ound  the  sur- 
face equal.  The  other  end  of  the  pin  is  furnished  with  a  split-pin 
or  a  split  cotter.  Washers  are  sometimes  used  to  keep  the  pinhead 
firmly  in  the  recess,  and  also  to  prevent  bushes  from  getting  out. 

Formerly  the  pin  was  made  of  scrap-iron,  case-hardened,  or  of 
mild  steel,  hardened,  but  the  life  of  such  a  pin  was  quite  short. 
Since  the  introduction  of  manganese  steel  the  life  of  a  pin  has  been 
made  considerably  longer. 

The  great  delay  and  expense  incident  to  the  wear  of  the  pins- 
and  links  is  still  one  of  the  disadvantages  of  the  ladder  dredge.  To 
obviate  this,  thei-e  is  Eobinson's  patent  improved  protected  and 
lubricated  joint  connection.  The  pin  is  of  unusually  large  diameter, 
and  has  a  large  and  wide  bearing,  the  whole  width  of  the  rear  end. 
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of  the  bucket,  the  pin  being  held  fast  in  the  narrow  bearings  at  the 
front  end.  A  removable  bush  of  manganese  steel  is  used,  which, 
together  with  the  use  of  a.  self -expanding  packing  ring  and  proper 
provision  for  lubrication,  constitutes  the  most  perfect  and  durable 
construction. 

Tumblers. — The  upper  tumbler  should  transmit  the  driving- 
power  to  the  bucket  chain  smoothly  and  discharge  the  contents  of 
the  bucket  upon  the  shoots  instantly,  so  as  to  clear  the  bucket  and 
the  shoots. 

For  the  first  purpose  it  is  necessary  to  make  the  polygon  of  the 
tumbler  as  nearly  circular  as  possible. 
Now,  in  Fig.  14, 

p  =  pitch  =  side  of  polygon, 

n  :=  number  of  sides  of  tumbler, 

r  =  radius  of  describe  circle, 

h  =  distance  of  the  side  from  the  center. 

1  TT  1  Tt 

h  =  -,    »  cot.  r=    ,    jj  cosec.    -•  ,:,      ,- 

2  n  2  n  Fig.  14. 

The  change  of  lengths,  h  and  r,  causes  a  corresponding  change  of 
moments  in  driving  the  chain.  Again,  the  time  required  for  a  bucket, 
after  touching  the  tuml)ler,  to  come  to  a  vertically  downward  position 
will  be 


r,  in  minutes  =    I  ,  +   '^   /  =  = 

■  \2  /  n 


A  kn 


where 

k  =  number  of  buckets  traversed  per  minute  (assume  =  16), 

f)  =  ano-le  of  the  driving  chain  to  a  horizontal  line,  sav  =       ;  or, 


CO  X  n  X 


(:+:) 


T,  in  seconds  =  .  w  -■..  w =  0.703  X  n. 

4  X  lb  X  Tt 

From  Table  21  it  will  be  seen  that  the  smaller  the  number  of 
sides  of  the  tumbler  the  swifter  will  be  the  discharge,  while  the 
greater  the  number  of  sides  the  smoother  the  driving  of  the  tumbler 
and  the  less  tlie  deflection.  With  small  deflection,  however,  there 
will  be  danger  of  the  tumbler's  slipping.  So  the  best  results  seem 
to  be  obtained  with  a  iive-sided  or  a  four-sided  tumbler.     Generally, 
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a  square  form  is  adopted  for  the  common  dredge;  but  there  are 
many  dredges  with  five-sided  tumblers. 

TABLE  21. 


Number  of 
sides  of 
tumbler. 

T, 
in  seconds. 

Deflection  of  the 
consecutive  sides. 

?•. 

h. 

r 

or,  ratio  of 
moments  of  force. 

3 

2.1 
2.8 
3.5 
4.2 
4.9 

3"' 

0.58  p. 
0.71  i). 
0.85  p. 
1.00  p. 
1.15  JO. 

0.29  p. 
0.50  ;:.. 
0.69  p. 
0.87p. 
1.04p. 

2  00 

4 

1  41 

5 

1.24 

6 

1.15 

1.11 

The  function  of  the  lower  tumbler  is  to  guide  the  buckets  for 
excavating  soil,  and  not  to  transmit  power.  It  is,  therefore,  neces- 
sary to  give  a  smooth  velocity  to  the  mouthpiece  of  the  bucker,  so  as. 
not  to  cause  a  severe  strain  on  the  bucket. 

XoAV,  the  angular  veloc-itv  of  the  tumbh^-. 


W  per  second  =  2  A; 


X 


60 


where  k  =  number  of  buckets  per  inimite. 
n  =  number  of  sides  of  tunil)ler. 
Suppose 

k  ^  10  and  J?  =  //  +  \.2p 
The  linear  velocity  of  the  cutting  edge  of  the 
1>ueket 

4  X  10  X  TT 


V=  R  V 


R 


n  X  00 


Fig.  15. 


TABLE  22. 


Number  of  sides 
of  polygon. 

Radius  of 
inscribed  circle. 

ij                            F" per  second, 
in  terms  of  pitch. 

3 

0.29  p. 
0.50" 
0.69  " 
0.87  " 
1  04  '• 

■ 

4 

s 

6 

1.70" 
1.89" 
2.07" 
2.34  ■• 

i:42^" 

1.27  " 
1.16  " 
1.07  " 

Hence,  the  greater  the  number  of  sides,  the  slower  will  be  the 
excavating  velocity,   and  the  greater  will  be  the  diameter  of  the 
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tumbler.  When  the  tumbler  is  of  great  diam.eter,  it  will  cause  som^e 
obstruction  to  the  side  cutting  of  the  dredge.  In  practice,  tiie  lower 
tumbler  is  made  hexagonal  when  the  upper  one  is  five-sided,  and 
pentagonal  when  the  upper  one  is  four-sided. 

*It  must  be  noted  that  the  soil  is  excavated  by  the  biicket  mainly 
when  it  rides  on  and  is  guided  by  the  lower  turabler,  and  that  other- 
wise the  pins  undergo  severe  shocks,  and  the  rivets  of  the  bucket 
soon  work  loose.  Taking  this  into  consideration,  the  buckets  will  work 
m.ore  effectively  if  we  augment  the  number  of  sides  of  the  tumbler, 
and  thus  increase  the  contact  surface  of  the  bucket  with  the  soil. 
Although  a  large  number  of  sides  for  a  tumbler  will  cause  some 
obstruction  to  the  side  cutting,  yet  the  writer  is  of  the  opinion  that 
better  work  may  be  done  by  giving  the  lower  tumbler  five  sides  for 
a  soft  material,  and  six  sides  for  a  stiff  material  which  does  not 
allow  a  deep  cutting. 

The  top  tumbler  has  to  be  made  very  strong,  as  it  has  to  withstand 
.great  wear  and  tear.  It  is  now  comiuonly  made  of  cast  steel  or, 
sometimes,  of  chilled  cast  iron.  As  the  corner  of  the  tumbler  suffers 
the  greatest  wear,  some  old  cast-iron  tumblers  are  furnished  with 
xenewable  corner-pieces  of  hard  steel  dovetailed  into  the  body,  or 
the  faces  are  covered  with  steel  plates  firmly  riveted.  The  top 
tumbler  of  some  small  dredges  is  made  in  two  parts,  but  this  is 
liable  to  become  loose. 

The  lower  tumbler  is  of  cast  steel,  in  one  piece,  having  very  deep 
and  strong  flanges.  Some  small  dredges  have  cast-iron  tumblers. 
The  tumbler  is  fitted  with  a  cast-iron  bush,  the  full  width  of  the 
tumbler,  and  revolves  loosely  on  a  wrought-iron  shaft  fitted  to  the 
ladder  eyes  by  cross-dovetailed  keys;  or  it  is  made  to  run  in  brackets 
at  the  lower  end  of  the  ladder,  the  axle  being  furnished  with  cast- 
iron  bushes.  The  flanges  are  bevelled  to  suit  the  form  of  the 
buckets,  the  play  being  aboiit  3  in.  It  is  desirable  that  the  bear- 
ings of  the  bottom  tumbler  be  so  arranged  that  they  can  be  readily 
renewed  without  disconnecting  the  bucket  chain.  There  are  some 
arrangements  for  lubricating  the  lower  tumbler,  but  they  are  not 
used. 

There  is  another  tumbler,  sometimes  found  on  French  dredges, 
as  on  the  Pas-de-Calais,  and  the  dredge  for  Charente.  It  is  used 
behind  the  following  or  suspended  portion  of  the  bucket  chain,  to 
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deflect  it,  and  may  be  called  the  intermediate  tumbler.  This  is 
claimed  to  have  the  following  advantages: 

First. — It  gives  the  buckets  a  better  direction  for  attacking  the 
soil; 

Second. — It  increases  the  dredging  depth,  and 

Third. — It  makes  thorough  discharge  of  the  contents  of  buckets 
with  a  small  inclination  of  the  ladder.  This  tumbler,  however, 
causes  a  great  shock  to  the  bucket  chain.  The  tumbler,  after  being 
struck  by  a  bucket,  takes  a  revolving  motion,  which  increases  the  in- 
tensity of  the  following  shock.  But  this  shock  can  be  somewhat 
lessened  by  using  a  brake. 

Ladder. — The  lower  tumbler  is  attached  to  the  free  end  of  the 
ladder,  the  other  end  of  which  is  hinged  to  the  bridge  a  little  below 
the  upper  tumbler,  and  which  is  suspended  by  chains  or  a  wire  rope, 
so  that  the  free  end  may  be  adjusted  to  any  depth  required.  There 
are  two  methods  of  mounting  the  tumbler,  one  is  fixed  and  the  other 
is  movable.  The  latter  method,  which  is  used  only  for  a  smaller 
dredge,  affords  very  convenient  means  for  adjusting  the  slack  of  the 
bucket  chain.  The  shaft  supporting  the  upper  end  of  the  ladder  is 
placed  about  6  ft.  below  the  upper  tumbler  shaft  measured  in  the  di- 
rection of  45  degrees.  As  the  ladder  is  apt  to  be  exposed  to  severe 
shocks,  some  French  dredges  are  fitted  with  buffer  springs  at  the 
upper  end  of  the  ladder,  to  lessen  the  shock  and  allow  the  shaft  bear- 
ing to  slide  in  a  groove  when  extra  resistance  is  met. 

The  bucket  chain,  like  a  belt,  is  liable  to  cause  the  upper  tumbler 
to  slip  without  driving  the  chain  if  it  be  too  slack  for  the  distance 
apart  of  the  tumblers.  The  writer  found  that  the  maximum  slack 
of  the  chain,  measured,  normally,  from  the  link  center  of  the  upper 
chain  to  that  of  the  lower,  when  the  ladder  is  lifted,  would  best  be 
^  of  the  tumbler  distance  for  a  hard  soil,  and  \  or,  rather  y^x  for  a 
soft  material. 

The  bucket  chain,  when  suspended,  will  take  the  form  of  a 
catenaiy.  But  suppose  it  to  be  a  parabola  represented  by  A  0  C  B 
in  Fig.  16. 

■»*  =  ?/  —  ■\/  p  X-  ^  Oi 
0  Faud  0  Xare  tlie  co-ordinate  axes. 

Xow.  in  order  to  prevent  the  chain  from  oveiridinu  the  tumbler  at 
A.  it  is  iiecessarv,  at   least,  that   tlie    ladder,  A  B.  when  it  is  at  the 
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maxiniuin  inclination  of  4.")0, 
will  be  normal  to  the  curve  at 
the  point.  A,  or  will  make  an 
angle  of  less  than  90°  with  the 
bucket  chain,  A  O  C  B,  at  the 
point,  A. 

If  the  ladder  is  normal  to  the 
chain,  the  following  relations 
must  be  fulfilled: 


d  u 
d  y 

V 


1 


(/  u 


d  X 


whence  x  =        P  and  i/  =    ^  P, 

which  are  co-ordinates  of  A. 

Next,  the  co-ordinates  of   B 
will  be 


Parallel  to  A  B  and  tansential 
to  the  curve 

Fig.  16. 


y 


.'/—  VpV=  0, 

3  i) 

y  =  —  ^^  P  and  x  =  ^  P- 

Again,  the  co-ordinates  of  the  contact  point,  C,  of  the  tangent  line 
which  is  parallel  to  A  B,  avo 


d  71    .   d  u 
V'Px '  =  0, 


7         +  ^—    =  0, 

dx       dy 


1  1 

^  =  ^  P  and  7y  =  _  ,-^  P. 

Hence,  the  normal  at  C  will  pass  through  the  intersection  of  A  B 
and  O  D. 

Length.  C  D  =  -^  P  and  A  B  =  /  8  P. 
V  -2 

The  ratio  of  the  slack  of  the  chain  to  the  distance  of  the  tumblers 

isf 

Again,  treating  of  another,  A  P,  which   makes   an   angle   of  less 

a 
than  90°  with  the  curve,  or,  reducing  the  length,  CD,  by  j — 7^  P, 
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AvluTu  a  is  some  coiistaiiT.  the  Iciiuth  of  A' B' will  be  P  y'  -J  (4 a). 

>_.     i.1         i.-          "V  ^  —  « 
So  the  ratio  =  I 

8 
IleiK-e.  ^  is  found  to  be  the  allowable  maximum  limit,  when  the 
ladder  is  at  its  maximum  inclination,  that  is,  45  degrees. 

But  the  same  len<ith  of  chain  will  have  another  relation,  if  the 
ladder.  A  B.  is  kept  horizontiil. 

A' 


Fig.  17. 
AB  =  ^-^P. 


Curve  A  OB 


.'/>J  !r\+  (D 


.flo. 


+ 


2 


p 

+  -^    log. 


\  p  y 


=  .'}.400()  P. 
Then  the  neAV  parabola,  i/  =  P'  •>'■, 
where 


P2 

+  (4'r 

+  "r> 

p' 

-'o- 

r' 

/  +  >]?/'  + 

(-^■)" 

-)] 

(^ 

p' 

•2 

-/2    p 


:3.400(j  P. 
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By  solving  tlie  equations,  we  get  P'  =  l.(i2.")  X  y^  2  P.  wlience 
■2y       2  X  1.625  X  V^^^ 


V  2  P 


=  8.25. 


Thns  the  ratio  will  be  3.25  when  the  ladder  is  horizontal. 

But  in  practice,  the  ratio  i  to  I,  measured  when  the  ladder  is 
lifted,  has  been  taken  by  the  writer  for  the  dredge  of  the  Osaka 
Harbour  Works.  The  larger  the  ratio,  the  more  will  be  the  initial 
tension  of  the  chain,  while  a  smaller  ratio  will  not  be  permissible, 
as  the  chain  is  apt  to  override  the  lower  tumbler.  In  general,  how- 
ever, a  greater  ratio  is  adaptable  for  hard  soil,  and  a  smaller  ratio 
for  soft  mud. 

■  The  ladder  must  not  be  inclined  too  much.  The  maximum  work 
is  said  to  correspond  to  an  inclination  of  45°,  and  to  diminish  greatly 
when  the  inclination  gets  beyond  60°.  Sometimes  the  ladder  is  con- 
structed in  two  parts,  so  that  the  lower  part  may  always  have  an 
inclination  of  45  degrees. 

The  length  should  be  such  that  the  dredge  may  reach  the  maxi- 
mum depth  with  a  ladder  at  a  maximum  inclination  of  45°,  and 
discharge  the  spoil  easily  into  the  hopper  or  barge. 

Some  old  dredges  are  so  constructed  as  to  have  the  ladder  at  the 
side  of  the  hull.  With  this  arrangement,  the  dredge  may  have  two 
ladders,  and  can  dredge  close  to  the  foot  of  quay  walls  at  a  great 
depth.  Some  authorities  have  claimed  that  dredges  with  two  side 
ladders  can  do  more  work  than  those  with  a  central  ladder,  being 
able  to  work  with  one  ladder  while  the  other  is  being  repaired:  and 
may  afford  easy  access  to  the  ladders  and  the  bucket  chains. 

But  friction,  wear  and  tear  are  greater  with  two  ladders,  and 
may  outweigh  these  other  advantages.  Also  the  double  ladders  make 
the  dredge  wider,  and  are  apt  to  be  exposed  to  a  great  shock  when 
used  in  an  open  sea,  and  to  break  away  from  the  hull,  when  dredging 
toward  the  side  where  there  is  no  guide  for  the  ladder.  Two  bucket 
chains  do  not  work  equally  well,  the  bottom  not  being  of  absolutely 
the  same  quality,  nor  of  equal  depth  at  both  sides  of  the  dredge. 
Moreover,  the  dredge,  when  it  has  loaded  a  barge  with  spoil,  has  to 
wait  for  another,  because  each  bucket  chain  can  discharge  only  on 
its  own  side. 
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To  meet  these  inconveniences,  it  is  customary  for  the  modern 
dredge  to  have  a  central  ladder,  which  allows  it  to  have  two  or 
more  barges  lying  along  both  sides  of  the  hull,  and  it  may  load 
either  barge  without  any  interruption.  There  are  two  kinds  of 
central  ladder  wells :  the  close-ended,  having  a  ladder  well  in  the 
middle  of  the  hull;  and  the  open-ended.  The  close-ended  well  is  an 
old  form,  adopted  when  the  open  end  was  thought  objectionable. 
It  is  now  used  only  in  a  special  case,  where  there  is  no  shallower 
depth  of  bed  to  be  dredged  than  the  draft  of  the  vessel.  The  open- 
ended  well  is  now  generally  used,  as  it  can  cut  its  own  flotation. 
The  bow-well  is  used  for  a  single-screw  dredge,  and  the  stern-well 
for  a  twin-screw;  the  latter  can  develop  a  greater  speed,  as  the  bow 
may  have  the  regular  moulded  lines  of  a  vessel,  but  its  first  cost  is 
greater  than  that  of  the  former. 

"Traversing  gear"  or  other  similar  devices  have  been  used  on 
some  large  dredges  to  enable  them  to  clear  the  foot  of  walls  at  a 
great  depth.  But  they  have  been  dispensed  with  since  the  introduc- 
tion of  the  open-ended  well. 

Horizontal  and  Vertical  Rollers. — For  the  purpose  of  guiding 
and  supporting  the  bucket  chain,  a  series  of  cast-iron  rollers,  some- 
times chilled,  and  having  projecting  checks,  are  fitted  horizontally 
to  the  bucket  ladder.  Some  dredges  have  two  or  more  vertical  cast- 
iron  rollers,  which  only  act  as  guides  to  the  bucket,  but  which  can 
be  dispensed  with  if  the  horizontal  ones  have  large  flanges.  Rollers 
and  their  bearings  should  be  so  arranged  that  they  can  be  readily 
renewed  without  disconnecting  the  bucket  chain.  The  usual  pitch 
of  the  rollers  is  2  to  3.5  times  that  of  the  bucket  chain:  however,  a 
small  proportion,  such  as  2  or  2.5,  will  give  a  smooth  working. 

The  diameter  of  the  roller  varies  from  6  to  12  in.,  according  to 
the  pitch  and  the  capacity  of  the  bucket.  The  spindles,  forged  of 
wrought  iron  and  bushed  with  cast  iron,  work  in  renewable  cast-iron 
bushes  in  their  brackets,  securely  fixed  to  the  ladder.  A  device  which 
would  keep  the  axle  clear  of  mud  and  sand  and  lubricated  with  grease 
would  be  a  great  improvement. 

The  upper  and  lower  one  or  two  rollers  are  subjected  to  severe 
shocks  due  to  the  vibration  of  the  chain.  On  this  account,  they 
should  have  larger  axles   than  the  common  rollers,   and  their  di- 
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ameter  should  be  made  so  large  as  to  follow  the  inclination  of  the 
chain  and  thereby  to  reduce  the  shock.  The  upper  rollers  are 
sometimes  fitted  with  springs. 

Ladder  Well. — The  ladder  well  must  be  proportioned  to  the 
length  of  the  ladder.  In  the  self-propelling  bow-well  dredge,  the 
ladder,  when  raised,  rests  wholly  in  the  well,  while  it  projects  one 
or  two  buckets  beyond  the  hull  in  some  stern-well  dredges.  There 
are  often  non-propelling  dredges  which  have  their  ladders  projecting 
three  or  more  buckets  beyond  the  vessel. 

The  well  also  serves  as  a  guide  to  the  ladder  when  the  dredge 
is  side-cutting.  So  suitable  rubbing  pieces  formed  of  elmwood 
and  strengthened  with  flat  bars  are  to  be  fixed  to  the  upper  and 
lower  flanges  at  both  sides  of  the  ladder,  and  the  well-plating  also 
has  fenders  of  steel  plates  on  each  side.  A  breakwater  is  to  be 
fitted  to  the  after  end  of  the  well,  if  it  be  a  bow-well,  to  throw  the 
•current  of  water  under  the  bottom  of  the  vessel  when  steaming 
ahead. 

Main  Framing  .—The  top  of  the  main  framing  should  have  an 
ample  height  to  inspire  the  easy  discharge  of  the  spoil  on  the  barges 
or  into  the  hopper  well.  It  should  have  ample  strength  and  stiff- 
ness and  be  easily  painted.  All  parts  should  be  arranged  so  as  to 
be  easily  and  conveniently  accessible  by  ladders  and  gratings,  and 
made  thoroughly  tight,  so  that  the  dredgings  cannot  splash  on  the 
•deck.  When  the  material  to  be  dredged  is  muddy,  a  canvas  or  sheet- 
iron  cover  should  be  placed  over  the  upper  tumbler,  allowing  the 
buckets  to  pass  under  it;  otherwise  the  spoil  will  spread  over  the 
deck. 

Hoisting  Appliance. — The  hoisting  shears  should  be  constructed 
of  a  height  sufiicient  to  permit  the  bottom  tumbler  to  be  raised 
about  2  ft.  clear  of  the  water.  They  are  well  trussed  and  vo  ar- 
ranged as  to  meet  the  various  working  strains  effectively,  and  are 
firmly  secured  to  the  deck  plating  and  floors.  The  cross-beams  are 
suitably  arranged  for  receiving  and  carrying  the  tackle  required  for 
hoisting  the  ladder,  and  a  suitable  platform  and  ladder  with  a 
socket  and  mast  complete  are  provided. 

For  hoisting,  independent  engines  are  commonly  used  on  large 
dredges;  but  sometimes  a  countershaft  is  taken  from  the  main  en- 
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gine.  The  action  of  the  latter  is  simpler  and  quicker  than  that 
obtained  by  starting  a  pair  of  steam  cylinders,  and  it  does  not  re- 
quire the  same  care  and  attention;  but  it  entails  the  constant  run- 
ning of  a  shaft  which  is  only  used  occasionally.  In  either  case  it  is 
advisable  to  control  the  lifting  and  lowering  of  the  ladder  by 
handles  so  arranged  on  deck  that  one  man  Can  operate  them.  Two 
sets  of  chains  are  sometimes  used  for  suspending  a  small  ladder; 
but  a  wire  rope  is  preferable  for  smooth  and  easy  management.  The 
purchase  gear  consists  of  two  blocks  with  from  3  to  5  sheaves.  The 
upper  sheave  hangs  from  the  forecastle,  and  the  lower  is  fitted  into 
a  cross-head,  which  is  to  be  connected  to  the  straps  at  the  lower  end 
of  the  ladder  by  side  rods.  The  wire  rope  is  wound  on  a  barrel 
with  a  helical  groove,  whose  development  is  to  be  sufficient  to  take 
the  whole  length  of  the  rope,  without  overriding,  and  2  or  3  turns 
more. 

The  engine,  usually  having  two  cylinders,  should  have  sufficient 
power  to  raise  the  lower  tumbler  at  a  rate  of  more  than  6  ft.  per 
min.  Some  gears  are  so  constructed  as  to  raise  the  ladder  at  two 
speeds,  say,  one  of  7  ft.  and  the  other  of  13  ft.  per  min. 

There  is  a  pair  of  preventer  wire  ropes  secured  to  the  lower  end 
of  each  side  of  the  bucket  ladder,  which  are  to  be  used  in  case  of 
accident  to  or  failure  in  the  working  gear.  They  are  lashed  to 
lorks  cast  on  brackets  for  bucket-rollers.  To  release  the  main  wire 
rope,  when  the  dredge  is  not  at  work,  two  chains  or  rods  hung  from 
the  forecastle,  for  suspending  the  ladder,  or  sometimes  a  wooden 
block  is  provided  under  the  ladder  and  over  the  ladder  well.  A 
gauge  for  showing  the  depth  of  the  buckets  under  water  is  to  be 
marked  on  deck  or  on  the  side  of  the  ladder  well. 

Methods  of  Discharging  the  Material. — There  are  many  methods 
of  discharging  the  materia],  which  differ  greatly  from  each  other, 
according  to  the  depth  and  the  purpose  of  the  discharge.  The  com- 
mon method  is  to  discharge  into  spoil  wells  in  barges  or  on  the 
vessel  itself.  This  apparatus  is  called  the  self  or  barge-loading  shoot. 
There  is  another  kind  of  shoot,  called  the  long  shoot,  which  is  used 
to  discharge  into  an  enclosed  spot  to  be  reclaimed.  These  shoots 
discharge  material  by  gravitation.  Other  methods  are  iised  to 
transport  the  spoil  mechanically:  by  transporting  platform  and  by 
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floating  pipes  or  a  combination  of  floating  and  land,  pipes.  The  for- 
mer is  used  to  load  wagons  waiting  on  the  bank,  and  the  latter  to 
deposit  the  material  on  shore. 

The  self  or  barge-loading  shoot,  or  simply  the  shoot,  is  an  in- 
clined plane  by  which  the  dredged  material  is  discharged  by  gravity 
into  wells,  either  of  barges  or  of  the  dredge  itself.  If  it  is  for  self 
loading,  the  shoot  usually  consists  of  two  closed  inclined  channels, 
or,  sometimes,  of  one  channel  for  a  dredge  of  small  bucket  capacity. 
Each  channel  has  a  certain  number  of  hinged  doors  for  distributing 
the  spoil  eqtially  over  the  well.  If  it  is  for  barge  loading,  the  upper 
part  of  the  shoot  is  fijced  and  closed,  while  the  lower  part,  projecting 
overboard,  is  open  and  hinged,  so  that  it  may  be  raised  or  lowered. 
The  barge-loading  shoots  are  generally  situated  at  both  sides  of  the 
hull;  but  when  it  is  necessary  to  dredge  hard  by  a  quay  wall,  or  to 
work  in  a  small  canal  where  the  transporting  barge  cannot  lie 
alongside  the  dredge,  the  shoot  is  so  constructed  that  the  spoil  may 
be  discharged  into  the  opposite  side  of  the  ladder. 

The  inclination  of  the  shoot  varies  with  the  nature  of  the  soil 
to  be  dredged.  Wet  clay  will  slide  down  a  shoot  inclined  1  in  5  to 
1  in  3,  if  comparatively  free  from  sand;  but  wet  sand  or  gravel  will 
not  slide  down  an  incline  of  even  1  in  2  without  a  free  flow  of  water 
to  aid  it;  otherwise  it  requires  much  pushing.  So  the  shoot  is  some- 
times supplied  with  water  continuously  from  a  service  pump  or  a 
special  auxiliary  pump.  The  usual  slope  of  the  fixed  part  of  the 
shoot  is  25  to  35°  or  1  in  1.5  to  1  in  2.2,  but  an  inclination  of  from 
1  in  l.S  to  1  in  2  is  preferable.  As  to  the  hinged  part,  the  slope  is 
somewhat  less  than  that  specified :  1  in  2  to  1  in  5.  It  changes  with 
the  freeboard  of  barges  to  be  loaded. 

To  give  the  shoot  such  an  inclination,  the  upper  tumbler  should, 
naturally,  be  placed  high.  To  obviate  this,  Messrs.  Fleming  and 
Ferguson  designed  a  dredge  having  its  top  tumbler  slightly  above 
the  deck,  the  remainder  of  the  elevation  being  effected  by  a  light 
elevator.  Mr.  Hunter  has  devised  a  screw  placed  in  a  trough  a  few 
feet  above  the  deck,  by  which  the  dredged  material  may  be  led  to  any 
part  of  the  vessel.  But  the  advantage  gained  by  not  lifting  so  high 
is  not  more  than  counterbalanced  by  the  extra  friction  and  the  extra 
wear  and  tear  of  these  devices. 
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The  usual  shoot  is  6  to  4  ft.  in  breadth,  and  4  to  2  ft.  in  depth. 
The  section  is  commonly  rectangular,  but  the  bottom  is  sometimes 
curved.  The  end  of  the  shoot  is  often  covered,  having  a  curved 
trumpet  mouth,  so  as  to  guide  the  material,  wlien  the  spoil  well  is 
too  small.  This  is  what  the  writer  used  in  the  dredges  of  the  Osaka 
Harbour  Works,  where  the  dredged  material  splashed  over  the  deck 
of  the  hopper  barge  of  100  tons  capacity. 

The  rocking  plate  at  the  top,  which  directs  the  dredged  material 
to  any  shoot,  is  hinged  on  strong  brackets  having  large  surfaces 
properly  fastened  and  worked  from  the  deck  with  proper  back 
balance  weight.  The  plate  is  formed  of  two  steel  plates  riveted  to 
an  iron  frame,  the  space  between  the  plates  inside  the  frame  being 
filled  with  timber  and  properly  riveted,  caulked  and  balanced.  The 
turning  of  the  rocl^ing  plate  and  the  folding  of  the  hinged  shoots 
are  generally  accomplished  by  a  hand  winch,  or  by  a  steam  steering 
winch,  which  the  writer  adopted  in  the  dredge  Shunkai  No.  2.  Some 
dredges  have  an  independent  engine  for  hoisting  and  lowering  the 
shoots. 

The  long  shoot  should  be  well  covered  in  to  prevent  splashing  on 
the  deck.  The  shoot  is  conical  or  circular  in  section.  Its  dimen- 
sions vary  with  the  capacity  of  the  dredge,  but  the  usual  diameter  is 
li  to  3  ft.,  widened  in  the  highest  point  to  1.8  times,  nearly.  It  is 
made  slightly  conical  by  enlarging  the  diameter  8  in.  or  more  at 
the  delivering  extremity,  so  that  it  will  not  choke  with  large  ma- 
terials. Sometimes  a  closed  conduit  is  used.  The  advantage  of  this 
is  that  with  a  jet  of  water  the  material  can  be  pushed  out  with 
much  force. 

The  slope  of  the  long  shoot  is  entirely  dependent  upon  the  nature 
of  the  material  to  be  discharged.  The  inclination,  together  with 
the  height  of  the  point  of  discharge  above  water,  determines  the 
height  of  the  top  tumbler.  According  to  Mr.  Webster,  the  following 
are  found  from  experience  to  be  the  best  angles  for  different  kinds 
of  soil:  for  soft  mud,  1  in  10;  for  soft  clay,  1  in  12  to  14;  for  hard 
clay,  1  in  14  to  16 ;  and  for  fine  sand  and  water,  1  in  20  to  25.  More- 
over, from  experiments  made  in  the  Suez  Canal,  it  was  found  that 
fine  sand,  mixed  with  an  equal  quantity  of  water,  would  flow  down 
a  slope  of  1  in  25;  but  with  a  flatter  slope,  no  matter  how  much 
water  was  used,  the  sand  would  separate  from  the  water  and  form  a 
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hard  cake  on  the  bottom  of  the  shoot.  The  usual  inclination  adopted 
is  1  in  10  for  the  upper  part  and  1  in  20  for  the  lower  part.  The 
dredged  material  tumbles  on  a  conduit  placed  about  6  ft.  lower  than 
the  tumbler,  where  it  is  mixed  with  water  pumped  out.  An  appro- 
priate proportion  of  water  seems  to  be  2  to  3  times  the  solid  matter 
in  volume.  It  is  necessary  to  supply  a  grating  at  the  beginning  of 
the  conduit  so  as  not  to  admit  hard  masses  or  large  pieces  of  ma- 
terial before  they  are  mixed  with  water. 

The  shoot  is  supported  by  wire  ropes  fastened  to  the  head  of  a 
sheerlegs,  which  is  mounted  on  the  dredge,  or  on  a  special  pontoon 
rigidly  connected  to  the  hull  of  the  dredge.  The  back-guys  of  the 
sheers  are  connected  to  a  pontoon  which  lies  on  the  opposite  side  of 
the  dredge  and  has  a  pumj)  and  an  engine  for  providing  water 
ballast. 

The  transporting  platform  or  conveyor  which  has  been  generally 
used,  consists  of  beams  guiding  and  supporting  an  endless  band  com- 
posed of  steel  plates  connected  by  pins.  The  dredge  discharges  ma- 
terial upon  this  band,  which  is  driven  by  a  special  independent 
steam  engine.  The  platform  is  used  for  discharging  the  dredged 
material  directly  ashore  wherever  the  banks  are  low  and  within 
reach.  It  can  transport  material  to  a  distance  of  more  than  1  000 
ft.,  and  also  to  a  height  greater  than  that  of  the  dredge.  It  is 
specially  suited  for  a  dry  and  firm  soil,  which  is  intended  to  be 
transported  by  wagons.  Though  excellent,  this  apparatus  is  liable 
to  stop  the  dredging,  for  it  has  to  wait  for  wagons  to  charge.  The 
dredging  quantity  is,  therefore,  said  to  be  reduced  to  j  that  of  a 
barge-loading  dredge  of  similar  construction  and  of  equal  capacity. 

The  rubber  belt  conveyor,  by  which  muddy  or  even  liquid  ma- 
terial can  be  transported,  has  been  introduced  recently.  The  ap- 
paratus is  formed  of  a  steel  frame  carrying  a  great  number  of 
rollers,  formed  of  steel  tubes.  On  these  rollers  runs  a  heavy  rubber 
belt,  made  especially  for  the  purpose,  and  the  rollers  are  carried  in 
improved  dirt-protected,  balanced  bearings.  A  small  belt,  about 
120  ft.  long,  can  be  supported  entirely  from  the  dredge.  Some  con- 
veyors are  so  constructed  that  they  can  revolve  and  thxis  be  used  on 
either  side  of  the  dredge. 

Floating  pipes,  or  a  combination  of  floating  and  land  pipes,  are 
used  for  discharging  the  dredged  material  into  the  sea  or  on  shore. 
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by  pumping.  The  material  raised  by  the  buckets  is  discharged 
directly  from  the  upper  tumbler  into  a  reservoir  containing  bar- 
screens  for  breaking  up  the  material  and  preventing  large  stones  or 
boulders  from  entering  the  pipe.  An  independent  centrifugal  pump 
delivers  a  large  volume  of  water  through  a  series  of  jets,  pulverizing 
and  breaking  up  the  material,  which  can  then  be  dealt  with  by  the 
discharge  pump.  Water  is  also  introduced  by  an  inlet  from  the  sea 
to  the  bottom  of  the  reservoir  and  opposite  the  inlet  to  the  discharg- 
ing pump.  The  discharge  pipes  are  led  over  the  deck  and  con- 
nected to  the  floating  pipe  line  by  a  flexible  joint.  The  floating 
pipes  are  supported  by  floaters,  and  connected  with  flexible  joints  to 
allow  a  free  motion  to  the  dredge  and  to  each  floater.  When  the 
dredged  spoil  is  to  be  discharged  into  the  sea,  the  end  of  the  dis- 
charge pipe  should  be  moved  so  as  to  distribute  the  spoil  over  the 
site.  This  motion  can  be  obtained  by  chains  and  anchors,  a 
hydraulic  deviator  or  propellers.  But  when  the  spoil  is  to  be  de- 
livered on  shore,  the  floating  pipe  line  is  connected  to  land  pipes 
laid  upon  the  beach  or  supported  on  a  trestle.  The  length  of  such 
pipes  is  commonly  from  1  000  to  2  000  ft.,  but  may  be  increased  to 
6  000  ft.  The  writer  will  not  enter  into  the  details  of  such  mechan- 
isms, as  they  belong  properly  to  the  pump  dredge. 

Hopper  and  Hopper  Door  Winches. — The  self-loading  dredge 
usually  has  a  bottom  hopper  well.  The  well  is  rectangular  in  plan, 
and  in  the  longitudinal  section;  but  in  the  transverse  section  it 
sometimes  tapers  toward  the  bottom.  This  is  to  make  the  door 
small  so  as  to  be  easily  manageable.  It  frequently  occurs  that  the 
spoil  does  not  get  out.  On  this  accoimt  the  sides  of  the  well  are 
generally  made  nearly  vertical.  The  doors  are  usually  built  of  iron 
plates  with  wooden  lining  in  two  thicknesses,  stiffened  around  the 
edge  with  angles.  Each  door  has  two  or  three  stout  iron  hinges 
and  two  eye  bolts  to  be  hung  on  two  chains.  The  two  chains  are 
attached  to  a  balance,  which  is  suspended  to  a  chain  passing  through 
a  pulley.  This  chain  has  a  wedge  holder;  a  wedge  with  hardened 
faces  bears  on  a  proper  chock  for  sustaining  the  load  on  the  door 
chains  during  the  operations  of  loading  and  transporting.  All 
chains  above  the  wedges  are  connected  to  an  iron  bar  worked  by 
steam  or  hydraulic  power.  Sometimes  the  doors  are  actuated  by  a 
steam  screw  gear,  so  arranged  that  they  need  be  only  partly  opened. 
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when  desired,  which  allows  the  spoil  to  be  discharged  in  shallow 
water. 

Mooring  Means. — Anchor  spuds  are  rarely  used  on  some  non- 
propelling  dredges  working  in  a  narrow  canal.  But  for  working  in 
an  open  place,  where  there  is  abundance  of  room  to  move  the  dredge 
from  side  to  side,  the  spuds  are  dispensed  with  and  anchors  are 
generally  resorted  to. 

Maneuvering  Winches. — For  a  long  time,  there  has  been  used 
on  the  middle  of  the  deck,  a  simple  but  strong  windlass,  around 
which  the  mooring  chains  wind.  But  this  is  inconvenient  since,  in 
case  of  damage,  the  swinging  motion  cannot  be  continued.  On  the 
contrary,  the  use  of  two  separate  winches,  one  on  the  stern,  and  one 
on  the  bow,  has  the  advantage  that  the  dredging  can  be  proceeded 
with  even  when  one  of  the  winches  gets  out  of  order.  Of  course,  the 
former  needs  less  labour;  but,  a  certain  number  of  the  crew  being 
necessary  on  deck  for  other  work  may  also  be  used  for  watching  the 
winches.  Moreover,  several  separate  winches,  being  able  to  treat  a 
great  number  of  chains  at  the  same  time  with  different  speeds,  are 
thought  to  be  advantageous. 

Formerly  there  were  many  dredges  which  had  their  winches 
driven  by  the  main  engine.  Some  authorities  were  of  the  opinion 
that  it  was  preferable  for  the  head  and  tail  chains  to  be  worked  by 
separate  engines;  but  the  quarter  chains  were  best  connected  with 
the  main  engine.  On  a  perfectly  level  bottom,  with  soil  of  uniform 
quality,  the  action  of  the  winches,  for  side  chains,  will  coincide  with 
the  buckets;  and,  as  there  is  a  close  relation  between  the  two  opera- 
tions, these  winches  are  more  economically  worked  by  the  main 
engine,  both  as  regards  power  and  attendance.  The  tail  winch, 
from  which  the  chain  is  paid  out  on  the  brake  during  the  opera- 
tion of  dredging,  and  which  is  driven  rapidly  in  taking  in  the  tail 
chain,  is  advantageously  worked  by  separate  steam  cylinders.  How- 
ever, as  a  perfectly  level  bottom  never  exists  in  harbours,  docks  or 
rivers,  the  motion  of  the  buckets  and  chains  must  vary  considerably, 
and  should  be  independent  in  their  action;  separate  winches  being 
advisable,  not  only  to  meet  this  irregularity,  but  also  for  manipulat- 
ing the  vessel  when  not  dredging.  Yet  the  writer  is  of  the  opinion 
that  in  a  small  non-propelling  dredge  all  movements  should  be 
effected  by  the  main  engine,  using  friction   clutches,   arranged  so 
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that  it  ^vill  be  possible  to  put  each  mechanism  in  or  ovit  of  gear  in- 
dependently, or  to  go  ahead  or  astern,  reversing  gear  being  pro- 
vided. 

Anchors  and  Chains.—S>ix  anchors  and  six  chains  are  used  for 
dredging.  The  head  anchor  is  usually  larger  than  the  tail  anchor, 
except  in  a  stern-well  dredge,  which  has  two  similar  anchors.  The 
other  anchors  are  smaller  than  these,  being  used  only  for  quarter 
mooring.  The  chains,  all  of  short  links,  should  be  of  lengths 
to  suit  the  widths  of  the  channel  to  be  dredged,  respectively.  The 
two  fore  chains  ■  have  commonly  a  greater  diameter  than  the  aft. 
All  chains  should  be  provided  with  swivels  to  release  the  torsional 
force.  Short  pitch  shackles  are  to  be  provided  for  each  set  of 
chains,  to  connect  them  quickly  when  broken.  For  wide  cutting, 
the  front  chain  should  be  kept  afloat  by  means  of  buoys  or  a  boat 
with  a  water-tight  deck,  so  as  to  allow  the  dredge  to  describe  a  great 
arc.  When  the  chain  is  small  and  the  site  is  sheltered,  a  boat  is 
convenient ;  otlierwise  buoys  are  thought  better. 

,  Performance. 
In  the  Osaka  Harbour  Works,  four  bucket  ladder  dredges  are 
used  for  dredging.  Two  of  the  dredges,  Asanagi  and  Yunagi,  are 
non-propelling  barge-loading  dredges,  each  with  a  capacity  of  200 
tons  per  hour,  and  able  to  cut  its  own  flotation.  Their  maximum 
dredging  depth  was  3.5  ft.,  which  the  ivriter  increased  to  22  ft.  by 
lengthening  the  ladder  and  augmenting  the  chain  with  four  buckets. 
All  movements  of  the  dredge  are  actuated  by  the  engine,  by  means 
of  friction-clutches,  which  make  it  possible  to  put  each  mechanism 
in  or  out  of  gear,  the  shoots  only  being  raised  by  hand  winches. 
The  movement  of  the  bucket  chain  and  the  upper  tumbler  are  effected 
by  belt  and  wheel  gearing  fitted  with  a  hydraulic  clutch.  The  shaft 
of  the  lower  tumbler  is  so  constructed  as  to  be  able  to  move  4  in.  in  a 
groove  at  the  end  of  the  ladder.  The  dredging  site  was  open  to  the 
sea,  so  that  the  dredges  were  obliged  to  be  towed  into  refuge  during 
a  swell  of  more  than  2  ft.  in  height.  The  bottom  was  usually  0  to 
6  ft.  deep  below  low  water,  and  was  to  be  dredged  formerly  to  9  ft. 
below  low  water  and  to  15  ft.  after  the  modification  of  the  dredge. 
The  upper  2  or  3  ft.  of  the  bed  was  fine  sand,  which  was  very  difficult 
to  dredge,  next  8  to  10  ft.  of  mud,  and  then  blue  soft  clay.     The 
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dredged  spoil  was  charged  into  hopper  barges  of  100  tons  capacity; 
and  four  barges  were  usually  served  to  each  dredge.  A  steam  tug- 
boat was  used  for  both  dredges  when  the  discharging  spot  was 
within  1  600  yd.  from  the  dredges. 

The  other  two  dredges,  Shunhai  No.  1  and  No.  2,  are  hopper 
dredges  of  600  tons  capacity,  able  to  cut  their  own  flotation.  Their 
maximum  dredging  depth  is  35  ft.  Shunhai  No.  1  is  of  the  bow- 
well  type,  while  No.  2  is  of  the  stern-well  type.  Each  ha?  two 
steam  winches  for  mooring  chains,  one  at  the  bow  and  the  other  at 
the  stern.  It  has  also  a  steam  winch  for  hoisting  the  ladder,  and  a 
dynamo  for  electric  lamps.  The  bucket  chain  is  driven  by  shafting 
in  Dredge  No.  1  and  hy  two  sets  of  pitch  chains  in  Dredge  No.  2. 
The  dredges  were  used  where  the  depth  changed  from  6  to  28  ft.,  to 
dredge  to  their  maximum  depth.  They  were  worked  whenever  the 
waves  did  not  exceed  2i  ft.  in  height;  though  the  dredges  can  work 
in  a  swell  greater  than  that,  but  the  barges,  all  being  of  100  tons 
capacity,  are  not  large  enough  to  resist  the  wave  action.  The 
nature  of  the  bed  was  fine  sand,  2  to  3  ft.  in  thickness,  where  the 
original  depth  was  6  to  12  ft.,  and  mud  where  the  bed  was  deeper. 
At  20  to  24  ft.  below  low  water  there  was  found  a  soft  blue  clay. 
The  spoil  was  usually  charged  into  hopper  barges;  but  before  sun- 
rise, and  after  sunset,  or  when  waves  were  too  high  to  use  the  barge, 
the  spoil  was  loaded  into  the  hopper  of  the  dredge.  Eight  to  ten 
barges  were  used  for  each  dredge.  A  steam  tugboat  was  used  for 
each  dredge  when  the  transporting  distance  was  not  great;  but  three 
tugs  were  often  used  for  both  dredges  when  the  depositing  site  was 
distant  1  200  yd.  or  more. 

Cost  of  Transportation . — As  may  be  seen  in  Table  26,  some  of  the 
dredged  material  is  transported  by  the  dredges  themselves.  Thus, 
2  152  hours  35  min.  are  spent  for  the  transportation.  If  we  suppose 
the  average  rate  of  expense  is  paid  for  the  whole  number  of  working 
hours,  the  cost  of  transportation  will  be  27.8  sen  per  tsubo,  or  1.7 
cents  per  cu.  yd.,  and  the  true  dredging  cost  will  become  53.3  sen 
per  tsubo,  or  3.33  cents  per  cu.  yd. 

The  transporting  distance  is  from  400  to  2  000  yd.  Usually,  the 
dredged  material  is  conveyed  by  tugs  and  hopper  barges. 
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Cost  of  the  Plant. 

5  Steam  tugs,  each  of  .')3  tons 81  265.80  yen 

26  Wooden  hopper  barges,  each  of  80  cu.  yd 295  651.80     '' 

10  Steel  hopper  barges,  each  of  80  cu.  yd 160  000.00     " 

In  1901  four  of  the  wooden  barges  were  converted  into  pontoons 
for  floating  cranes. 

The  running  expense  will  be  seen  in  Table  27. 

Premium  Bate. — A  premium  proportional  to  the  dredged  quantity 
was  awarded  to  the  crew.  At  first  an  appropriate  monthly  standard 
amount  of  work  was  assigned  to  each  dredge,  tug  and  barge,  re- 
spectively. Then  a  premimn  was  paid  only  for  the  quantity  of  work 
which  was  done  after  that  standard  had  been  reached.     Afterward 


D'  D"  D' 

Qiiaiitity  dredged  or  truiispdi-tcd  pei-  month 
Fig.  18. 


the  premium  was  discontinued  because  the  crew  remained  idle  when 
the  amount  of  work  was  sure  not  to  reach  the  standard.  The  rate 
now  xised  is  directly  i^roportional  to  the  dredged  amount,  as 

P  =  K  B. 

where  P  =  i^remiuui. 

D  =  quantity  (licducd  or  transported, 
K  =  constant,  var\  iuu  witli  />. 
Thus,  K  =  tan.  H\  wiien  I)  >  J).' 

==  tail.  (-)".  when  I)'  <  I)  >  B". 
=  tan.  H"\  wlicii  I)  >  />". 
D'  and  I>"  arc  (-(.'rtaiii  limits. 


Now,  taking  P  in  sen  and  JJ  in  tsubo,  we  have  the  followiiig 
values  of  K  respectively  within  specified  limits  of  D'  and  D". 


TABLE  26.— Performance  of  the  Hopper  Dredges,  Shunkai  No.  l  and  No.  2,  Combined 
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372.92 

1 

i 

1  tsubo  =  8  cu.  yd. 

The  amount  is  measured  by  barge,  and  is  calculated  to  be  li  times  place  measurement. 


TABLE  27. — Cost  of  Transportation  fTuGS  and  Hopper  Barges^. 
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9.34 

20.86 

82.83 

16.42 

100.00 

The  fiscal  year  begins  April  1st.    The  figures  in  the  column,  "  Other  expenses,"  under  "  Labour,"  represent  the  wages  of  assistant  workmen. 
1  tsubo  =  8cu.  yd.        1  yen  =  60  cents.        * 57.4  sen  per  tsubo  =  3.59  cents  per  cu.  yd. 
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The  improvement  of  low-water  navigation  on  tiie  Mississippi 
River  by  the  removal  of  obstructing  sand  bars  is  a  subject  which 
has  been  under  consideration  for  many  years  by  a  great  many 
people,  both  engineers  and  laymen.  A  great  many  plans  have  been 
tested,  and  a  vastly  greater  number  have  been  proposed,  many  of 
them  by  persons  having  no  definite  understanding  or  realization 
of  the  difficulties  of  the  problem.  These  numerous  plans,  both 
tried  and  untried,  would  furnish  material  for  a  very  interesting 
discussion  on  the  general  subject  of  the  improvement  of  the  Missis- 
sippi River,  but  have  no  place  in  the  present  discussion. 

The  explanation  of  why  sand  bars  exist  and  how  they  are 
formed,  their  causes  and  effects,  is  also  an  interesting  problem. 
These  bars  or  ridges  of  sand  usually  extend  diagonally  across  the 
river,  and  lie  between  the  lower  end  of  a  deep  pool  along  the  banlv 
on  the  convex  side  of  a  bend  and  the  upper  end  of  the  pool  along 
the  bank  on  the  opposite  side  of  the  river  bending  in  the  opposite 
direction;  i.  e.,  they  usually  occur  where  the  thread  of  the  channel 
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changes  its  direction  of  curvature.  They  are  comj)licated  by  the 
existence  of  islands  and  secondary  channels. 

These  bars,  during  seasons  of  high  water,  are  built  up  to  such 
an  extent  that  during  even  a  medium  stage  their  crests  may  have 
an  elevation  several  feet  above  that  of  the  M^ater  surface  at  low 
water.  As  the  river  falls,  these  bars  are  cut  out  by  the  action  of 
the  current,  and,  to  assist  in  this  tendency  of  the  river  to  deepen 
itself  is  the  province  of  the  dredges. 

In  a  very  able  paper*  on  "Dredges  and  Dredging  on  the  Missis- 
sippi River,"  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.,  Member  of  the 
Mississippi  River  Commission,  gives  an  interesting  description,  of 
the  various  mechanical  devices  which  had  been  proposed  for  deepen- 
ing the  channel  of  the  river. 

The  writer  proposes  to  confine  himself  strictly  to  the  development 
of  the  hydraulic  dredges  belonging  to  the  Mississippi  River  Com- 
mission and  operated  on  that  portion  of  the  river  below  the  junction 
of  the  Ohio  and  the  Mississippi  at  Cairo,  Illinois.  The  general 
subject  of  dredging  is  to  be  treated  by  A.  W.  Robinson,  M.  Am.  Soc. 
C.  E.,  whose  experience  in  design  and  construction  covers  a  vast 
range  of  dredges  for  widely  different  service. 

The  Mississippi  River  Commission,  which  is  charged  by  the 
General  Government  with  the  work  of  improvement  of  the  Missis- 
sippi below  Cairo,  first  entered  into  the  project  of  deepening  the 
channel  over  the  bars  by  dredging  in  1892,  when  the  dredge  Alpha 
was  constructed.  From,  a  consideration  of  the  great  extent  of  the 
obstructing  bars,  both  in  number  and  dimensions,  it  was  realized 
that,  in  order  to  achieve  results  by  dredging  which  would  be  of 
practical  value,  the  magnitude  of  the  work  required  would  necessi- 
tate the  construction  of  dredges  of  greater  capacity,  and  capable 
of  handling  material  at  a  lower  unit  cost,  than  any  then  in  existence. 

The  Alpha  was  an  experimental  dredge  and  of  comparatively 
small  capacity,  bvit  her  operation  and  the  numerous  tests  made 
with  her  demonstrated  conclusively  the  practicability  of  opening 
and  maintaining  suitable  channels  through  obstructing  bars  at  low 
water  by  dredging,  and  at  a  reasonable  cost. 

The  Alpha  has  been  followed  by  the  construction  of  the  Beta, 
Gamma,  Delta,  Epsilon,  Zeta,  Iota,  Kappa  and   Henry  Flad;  the 

*  Pi-esented  at  the  Annual  Convention  of  the  American  Society  of  Civil  Engineers' 
in  1898,  Transactions,  Am.  Soc.  C.  E.,  Vol.  XL,  p.  215. 
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latter  being  named  in  honor  of  the  late  Henry  Flad,  Past-President, 
Am.  Soc.  C.  E.,  a  member  of  the  commission,  and  who  designed, 
very  largely,  the  Alpha  and,  until  his  death  in  1898,  was  an  active 
member  of  the  Dredging  Committee. 

The  Beta,  at  the  time  of  her  construction,  was  the  cause  of  con- 
siderable interest  to  the  Engineering  Profession,  as  at  that  time 
she  was  the  largest  dredge  in.  the  world. 

The  Alpha  was  operated  until  1898,  but,  owing  to  the  facts  that 
she  could  dredge  only  to  a  depth  of  12.5  ft.,  that  her  capacity  was 
comparatively  small,  also  that  her  hull  was  of  wood,  she  was  dis- 
mantled in  1901,  thus  leaving  the  last  eight  dredges  available  for 
use  at  present.  Mr.  Ockerson's  paper,  to  which  reference  is  made, 
contains  a  detailed  description  of  the  dredges,  from  the  Alpha  to 
the  Zeta,  also  an  account  of  certain  capacity  tests  made  when  they 
were  constructed.  Their  description  will  not  be  repeated,  except 
in  a  brief  and  general  way,  and  to  call  attention  to  comparisons 
between  certain  features. 

The  Beta  stands  in  a  class  by  herself,  owing  to  her  size  and  to 
the  fact  that  she  has  two  independent  pumps  and  operating  engines. 
Her  main  sand  pumps  are  also  of  radically  different  design,  as  will 
appear  later.  She  also  has  the  distinction  of  having  required  more 
extensive  alterations  to  fit  her  for  practical  and  continuous  operation 
than  any  other.  She  was  completed,  ready  for  testing,  in  January, 
1896,  but  many  repairs  and  alterations  were  necessary,  even  before 
she  could  undergo  the  capacity  tests  successfully,  as  is  raade  evident 
by  the  fact  that  out  of  742  working  hours  consumed  in  these  tests, 
217  hours  were  used  in  actual  pumping,  289  hours  in  repairs  and 
necessary  changes,  and  the  remainder  in  towing,  placing  plant, 
handling  material,  getting  ready,  etc.,  time  lost  not  through  any 
defect  in  the  dredge.  The  most  serious  defect  in  the  dredge,  how- 
ever, was  in  the  excessive  draft.  The  specifications  limited  this 
to  4.5  ft.,  while  the  actual  draft  was  about  6.5  ft. 

She  was  operated  through  the  low-water  season  of  1896  and  1897, 
but  with  many  delays  due  to  repairs.  In  1898  numerous  alterations 
were  made,  as  follows: 

1.- — The  hull  was  widened  9  ft.  on  each  side  and  the  new  portions 
were  carried  forward  of  the  old  hull  about  36  ft.,  forming  a  well 
for  the  suction  heads ;  the  stern  was  also  extended  about  6  ft. 
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2. — One  battery  of  boilers  was  turned  around. 

3. — The  discharge  pipes  from  the  sand  pumps  were  removed  from 
their  former  position  overhead  and  placed  on  the  floor  of  the  hold. 

4. — The  heavy  and  complicated  mechanical  agitators  were  dis- 
carded, and  new  suction  heads,  with  water -jet  agitators,  were  built. 

5. — Two  triple-expansion,  duplex,  pressure  pumps  for  serving 
the  jet  agitators  were  installed. 

6. — The  position  of  the  filters  and  filter  pumps  was  changed. 

7. — The  hoisting  and  hauling  engines  were  discarded  and  new 
ones  were  installed. 

8. — Three  large  steam  capstans  were  installed. 

9. — The  position  of  the  feed-water  heater  and  pumps  was 
changed. 

10. — A  cabin,  with  accom  modations  for  a  double  crew,  was  built. 

In  addition,  a  great  many  minor  details  were  changed,  and  addi- 
tions were  made.  In  fact,  about  the  only  features  of  the  original 
dredge  which  were  not  changed  were  the  boilers,  main  engines  and 
main  sand  pumps. 

The  defects  in  this  dredge  have  been  enlarged  upon  because 
much  has  been  said  of  her  wonderful  capacity  and  performance. 
She  is  a  machine  of  great  capacity,  but  her  economical  and  regular 
operation  has  been  attained  only  after  many  radical  changes  in  the 
original  design. 

The  five  dredges.  Beta  (as  rebuilt).  Gamma,  Delta,  Epsilon  and 
Zeta,  have  general  characteristics  which  are  very  similar.  They 
have  steel  hiills,  rectangular  in  plan  and  cross-section,  from  138 
to  214  ft.  long,  from  38  to  58  ft.  in  width,  and  about  7  ft.  in  depth. 
At  the  bow  the  hull  is  recessed  for  a  depth,  fore  and  aft,  of  about 
30  to  35  ft.  This  recess  has  a  slightly  greater  width  than  the 
suction  head,  and  forms  a  well  protecting  the  head  and  within  which 
it  is  raised  and  lowered. 

The  sand  pumps  are  located  near  the  bow  and  are  driven  by 
direct-connected,  modern,  high-speed,  compound  or  triple-expansion 
engines.  All  the  pumps  except  that  on  the  Delta  have  double 
suction  or  intake  pipes  leading  forward  to  the  bow  bulldiead,  where 
they  are  joined  to  the  pipes  contained  in  the  suction  head  by 
hinged,  telescopic  joints.  These  joints  permit  the  raising  or  lower- 
ing of  the  outer  end  of  the  head  to  any  position  within  their  range 
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of  movement,  depending,  of  course,  on  the  length  of  the  head.  The 
outer  end  of  the  suction  head  or  shoe  is  flattened  and  widened  to 
a  width  of  from  21  ft.  on  the  Gamma  to  42  ft.  on  the  Beta.  The 
suction  head  is  of  such  length  as  to  permit  of  dredging  to  a  depth 
of  18  ft.  on  the  Epsilon  and  Zeta,  20  ft,  on  the  Gamma  and  Delta. 
and  36  ft.  on  the  Beta,  as  now  arranged.  The  under  side  of  the 
suction  heads,  at  their  forward  or  outer  ends,  has  nozzles  from 
2,5  to  3,5  ft.  apart,  pointing  forward.  These  nozzles  have  an  inside 
diameter  of  from  1  to  2.5  in.,  and  are  supplied  with  water  under 
pressure  by  either  centrifugal  or  reciprocating  pumps. 

Each  dredge,  near  the  bow,  has  an  oak  spud,  22  by  22  in,,  for 
the  purpose  of  holding  the  dredge  in  position  while  attaching 
hauling  cables  to  the  mooring  piles,  or  while  changing  the  position 
of  the  piles. 

On  the  deck  near  the  bow  there  are  two  powerful  hauling  engines 
which  handle  cables  attached  to  piles  and  by  which  the  dredge  is 
hauled  over  the  bar  which  is  being  dredged.  There  are  also  hoisting 
engines  for  handling  the  suction   head  and  the  spud. 

The  discharge  pipe  leads  from  the  pump  along  the  bottom  of 
the  hull  to  the  stern  of  the  dredge,  and  to  the  floating  discharge 
pipe.  This  pipe  is  built  in  sections  of  about  50  ft.,  though  the 
Beta  has  some  100-ft.  sections.  The  pipe  is  supported  by  pontoons, 
foimed  either  of  circular,  closed  pipes,  attached  to  each  side  of 
the  discharge  pipe  by  yokes,  or  by  oval-shaped  buoyancy  chambers, 
partially  surrounding  the  pipe  and  riveted  to  it.  The  sections  of 
pipe  are  connected  by  rubber  joints  about  3.5  ft.  long,  which  allow 
a  certain  amount  of  deflection  between  adjoining  sections.  The 
rubber  joint  is  relieved  of  any  pulling  strain  by  draw-bars  between 
each  section. 

The  boilers  are  near  the  after  end  of  the  dredge.  In  addition 
to  the  foregoing  machinery  there  is  the  necessary  equipment  of 
■  condensers,  feed  pumps,  capstans,  electric  light  plant  and  a  complete 
machine  and  blacksmith  shop. 

The  second,  or  cabin,  deck  has  comfortable  and  commodious 
quarters  for  a  double  crew. 

These  dredges  were  designed  in  detail  by  the  contractors,  under 
very  general  specifications  by  the  Government,  which  specifications 
contained  certain  requirements  as  to  size,  capacity,  draft,  equip- 
ment, etc. 
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The  dredge  Iota,  built  in  1899,  was  constructed  from  plans 
prepared  in  the  office  of  the  Commission,  leaving  to  the  contractors 
the  design  of  the  details  of  the  main  engines  and  sand  pump,  but 
confining  these  details  to  very  narrow  limits.  On  the  Kappa  and 
Flacl  the  detailed  plans  of  the  sand  pump  were  also  prepared  in  the 
office  of  the  Commission,  The  auxiliary  machinery  is  of  standard 
commercial  make. 

The  three  last-named  dredges  differ  from  the  former  ones  prin- 
cipally in  the  fact  that  they  are  self-propelling  and  are  larger  and 
more  powerful  machines.  Many  details  of  design  which  have  been 
found  weak  in  the  operation  of  the  older  dredges  have  been  cor- 
rected in  the  later  ones,  and  they  have  proved  extremely  satisfactory 
in  operation  and  maintenance. 

The  Kappa  and  the  Henry  Flacl  were  built  from  the  same  plans, 
and  are  alike.     They  have  steel  hiills,  of  the  following  dimensions : 

Length,  moulded 192  ft. 

Width,          "        44  " 

Depth,          "        7  " 

Width  at  bow 32  " 

Width  at   stern 34  " 

Width  over  guards  outside  nosing 75  '' 

Length   of  well 33  " 

Width  of  well,  at  nose 25  " 

The  framing  is  on  the  transverse  system,  with  six  transverse 
bulkheads  and  four  longitudinal  truss  frames. 

The  hull  frames  are  spaced  at  a  uniform  distance  apart  of  18  in.; 
the  odd  numbered  ones  are  of  3  by  3.5-in.,  5.5-lb.  angle  bars,  and 
the  even  numbered  ones  are  built  up  of  two  2.5  by  2.5-in.  angles, 
joined  by  plates  S  in.  deep.  The  deck  beams  are  alternately  of  (i-iu. 
Z-bars  and  3  by  2.5-in.  angles.  The  hull  plating  is  from  i  to 
r«  in.  in  thickness.  All  machinery  is  on  the  deck,  nothing  being 
carried  in  the  hold  but  pipes  and  capstan  engines. 

The  main  sand  pump  has  a  runner,  84  in.  in  diameter  and  25  in. 
wide,  and  is  of  the  shrouded  or  enclosed  type.  The  pump  casing  is 
rectangular  in  cross-section,  and  is  provided  with  renewable  liners 
throughout.  It  has  a  discharge  pipe,  32  in.  in  diameter,  and  two 
suction  pipes,  24  in.  inside  diameter. 
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The  pump  is  driven  by  a  pair  of  horizontal,  tandem,  compound, 
condensing  engines,  with  cylinders  16  and  30  in.  in  diameter  and 
24-in.  stroke,  running  about  135  rev.  per  min.  The  condenser  and 
air-pump  is  of  the  independent-jet  type,  compound,  duplex,  non- 
condensing,   with   steam   cylinders   10   and   17   in.,   water  cylinders 

19  in.  in  diameter  and  15-in.  stroke. 

The  propelling  wheels  are  of  the  i^addle-wheel  type,  one  on  each 
side,  22  ft.  in  diameter  and  13  ft.  long.  They  are  driven  by 
simple,  direct-connected  engines  having  cylinders  22  in.  in  diameter 
and  T-ft.  stroke. 

The  steam  plant  consists  of  seven  boilers,  of  the  Mississippi 
River  type,  44  in.  in  diameter,  30  ft.  long,  having  four  flues,  11  in. 
in  diameter.     They  carry  steam  at  170  lb.  per  sq.  in. 

The  suction  head  or  shoe  is  about  23  ft.  6  in.  in  width,  is  flat- 
tened down  to  a  depth  of  about  8  in.  at  the  smallest  part,  and  has 
a  flaring  entrance.  The  under  side  of  the  head  is  provided  with 
a  pressure  chamber,  into  which  there  are  screwed  twelve  1-in. 
nozzles,  distributed  throughout  its  length,  forming  the  jet  agitator 
for  loosening  the  sand  or  material  to  be  dredged.  These  jets  are 
supplied  with  water  by  a  compound,  duplex,  condensing  pump,  with 
steam  cylinders  10  and  20  in.  in  diameter,  water  plungers  16  in. 
in  diameter  and  1.5-iu.  stroke,  and  are  tiperated  against  a  pre?;i-;ure 
of  from  40  to  70  lb.  The  pipes  leading  to  the  suction  head  are  of 
such   length   as  to   permit   its   being  lowered  to   a   depth   of   about 

20  ft.  below  the  water  surface.  The  head  is  raised  and  lowered 
by  a  double,  reversing  hoisting  engine.  The  main  hauling  engines 
are  on  each  side  of  the  boat,  near  the  bow,  and  have  7  by  7-in. 
cylinders,  geared  to  the  drum  in  the  ratio  of  about  412  to  1.  The 
drums  are  48  in.  in  diameter,  grooved,  and  have  1 200  ft.  of  1-in. 
steel -wire  rope. 

Each  dredge  is  supplied  with  steam  capstans,  the  necessary 
auxiliary  pumps,  etc.,  a  machine  and  blacksmith  shop,  electric 
lighting  plant  and  a  refrigerating  plant  having  a  capacity  of  about 
one  ton  of  ice  per  day.  The  upper  or  cabin  deck  has  commodious 
and  comfortable  quarters  for  a  double  crew  consisting  of  about 
fifty  men.  The  general  arrangement  of  the  machinery  follows 
closely  that  of  the  dredges  described  previously. 

These  three  latter  dredges  are  entirely  self-contained,  and  require 
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no  outside  assistance  for  their  propulsion  or  operation.  The  moor- 
ing piles,  when  not  in  use,  are  suspended  from  derricks  at  the  bow 
of  the  boat.  These  piles  are  simply  sections  of  11-in.  extra-heavy 
pipe,  and  are  35  ft.  long;  their  upper  ends  are  closed,  and  can  be 
connected,  by  2.5-in.  fire-hose,  to  a  powerful  pump.  The  lower  end 
of  the  pipe  is  left  open. 

They  are  driven  by  forcing  a  strong  stream  of  water  through 
them.  The  weight  of  the  piles,  and  the  water  issuing  around  their 
lower  edges,  sinks  them  into  the  sand  very  rapidly.  They  are 
usually  Slink  to  a  penetration  of  about  15  ft.,  and  are  supplied  with 
clamps  near  the  bottom  of  the  river  to  which  the  hauling  cables  are 
attached.  During  this  opei*ation  the  dredge  is  held  in  position  by 
the  spud. 

This  feature  of  self-propulsion  is  the  most  important  advance 
in  the  development  of  dredging  on  this  river.  In  their  operation, 
no  larger  crew  is  required  than  on  a  non-propelling  dredge  of  the 
same  size  and  capacity,  and  the  expense  of  a  large  towboat  and 
pile-driver,  with  their  attendant  crews,  is  obviated.  Their  opera- 
tion is  also  very  much  more  expeditious. 

A  summary  of  the  general  dimensions  of  the  dredges  mentioned 
is  given  in  Table  29. 

With  this  rather  brief  and  general  description  of  the  dredges,  it 
is  proposed  to  discuss  somewhat  in  detail  certain  of  the  most  impor- 
tant features  which  are  characteristic  of  hydraulic  or  suction 
dredges  and  which  have  been  developed  during  their  operation  on 
this  river. 

The  Sand  Pump. 

The  most  important  feature  of  a  hydraulic  dredge  is  the  main 
sand  pump,  and,  as  there  is  a  very  wide  variation  in  practice  as  to 
the  form  and  dimensions  of  the  pump  runner,  it  will  be  interesting 
to  note  the  characteristics  of  the  various  pumps  which  are  or  have 
been  in  use  on  the  various  dredges  described,  with  a  comparison  of 
the  results  obtained  with  each. 

Tests  for  Capacity  and  Efficiency. — On  the  completion  of  the 
experimental  dredge  Alpha,  a  great  many  tests  were  made  to  deter- 
mine her  capacity  and  efficiency.  Owing  to  the  immense  amount 
of  material  moving  constantly  along  the  bottom  of  the  river,  and 
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the  scouring  effect  of  the  current,  it  was  impracticable  to  ascertain, 
with  accuracy,  the  amount  of  material  pumped  by  measuring  it 
in  place.  Therefore,  a  measuring  barge  was  fitted  up,  to  attach 
to  the  lower  end  of  the  discharge  pipe,  and,  by  suitable  valves,  the 
discharge  could  be  led  either  overboard  or  into  the  barge,  at  will. 
This  barge  and  the  connecting  valves  are  described  in  detail  in 
Mr.  Ockerson's  paper,  previously  referred  to.  Briefly,  the  barge  was 
107.5  ft.  long,  24  ft.  wide  and  6.5  ft.  deep,  and  was  provided  with 
suitable  wells  and  valves  for  drawing  off  the  water  within  the 
barge  without  disturbing  the  sand  deposited  therein.  The  necessary 
gauges  for  determining  the  height  of  the  sand  and  water  were  also 
provided  and  a  very  ingenious  valve  whereby  the  discharge  could 
be  deflected  almost  instantaneously.  Precautions  were  taken  to 
prevent  leakage  and  to  insure  that  all  the  discharge  deflected  into 
the  barge  would  be  measured. 

In  making  a  test,  the  dredge  pumps  were  started,  the  suction 
head  lowered  into  the  sand,  and  the  dredge  pulled  ahead  as  in  actual 
work,  the  barge-valve  being  set  to  discharge  into  the  river.  When 
everything  was  running  smoothly,  and  at  a  preconcerted  signal, 
the  barge-valve  was  thrown  to  discharge  into  the  barge  and  at  the 
same  instant  a  stop-watch  started.  When  all  the  material  that  the 
barge  would  safely  hold  had  been  discharged,  the  barge-valve  was 
thrown  to  discharge  into  the  river,  the  stop-watch  being  stopped  at 
the  same  time.  During  the  time  the  material  was  being  pumped 
into  the  barge,  indicator  cards  were  taken  on  the  engines,  the 
suction  head  and  discharge  head  at  the  pump  were  noted,  and  the 
steam  pressure  and  number  of  revolutions  of  the  engines  were  noted 
and  recorded. 

After  a  few  minutes'  time,  to  allow  the  agitated  water  in  the 
barge  to  settle  down,  the  gauges  were  read,  showing  the  total  height 
of  material  pumped,  sand  and  water;  this  height  into  the  known 
area  giving  the  total  volume  pumped.  The  water  was  then  drawn 
off,  leaving  the  sand  to  be  measured;  this  was  done  by  measuring 
the  depth  at  eleven  points  on  each  of  eleven  cross-sections;  the 
average  depth  into  the  known  area  giving  the  volume  of  sand. 
Samples  of  sand  from  each  test  were  dried  and  weighed  carefully, 
and  the  percentage  of  voids  obtained. 

The  suction  pressure  was  measured  by  a  piezometer,  inserted 
in  the  suction  pipe  and  connected  with  a  manometer  filled  with 


TABLE  29. — Peincipal  Featuees 


Alpha. 

Beta. 

Gamma. 

Delta. 

Hulls: 

Material. 

Wood. 

Steel. 

Steel. 

Steel. 

Length. 

140  ft. 

314  ft. 

1:38  ft. 

175  ft. 

Breadth. 

36  ft. 

58  ft. 

38  ft. 

38  ft. 

Depth. 

8  ft. 

6  ft.  11  in. 

7  ft.  10  in. 

8  ft.  4  in. 

Draft. 

59  in. 

48  in. 

54  in. 

54  in. 

Displacement. 

640  tons. 

1  380  tons. 

640  tons. 

930  tons. 

Propell'g  Machin'y: 

Engines,  type. 

None. 

None. 

None. 

None. 

Engines,    diame- 

ter of  cylinders. 
Engines,  stroke. 
Paddlewh.,  diam. 

^ 

Paddlewh.,  width. 

Main  pump,  engines: 

Number. 

One. 

Two. 

One. 

One. 

Type. 

Vert.  comp. 

Vert.,  triple  exp., 

cond. 
2014,  33,  38,  38  in. 

Horiz., cross-comp., 

cond. 
18  and  33i.^  in. 

Vert.,  comp.  cond. 

Diam. of  cylinders. 

15  and  37  in. 

33  and  48  in. 

Stroke. 

30  in. 

34  in. 

32  in. 

34  in. 

Rev.  per  min. 

150 

140  in. 

150 

145 

Steam  pr. allowed. 

160  lb. 

175  lb. 

140  lb. 

175  lb. 

I.  H.  P. 

400 

1850 

475 

1000. 

Air  pumps: 

Type. 
Cylinders. 
Air  pump. 
Stroke. 

None. 

Duplex. 

Single. 

Single. 

Min. 
19  in. 
15  in. 

10  in. 
18  in. 
18  in. 

13  in. 



18  in. 

24  in. 

Main  pumps: 



Nuniber. 

One. 

Two. 

One. 

One. 

Type. 

Single  suction. 

Double  suction. 

Double  suction. 

Single  suction. 

Diam.  of  runner. 

66  in. 

84  in. 

69  in. 

84  in. 

Peripheral  veloci- 

ty, per  min. 

3  431  ft. 

3  080  ft. 

2  712  ft. 

3  080  ft. 

Ditto  per  sec. 

40  ft. 

51ft. 

45  ft. 

51  ft. 

Diam.  of  suction. 

80  in. 

33%  in. 

34J^in. 

34  in. 

Width  of  suction 

mouth. 

7  ft.  6  in. 

38  ft.  8  in. 

19  ft. 

33  ft.  0  in. 

Max.  working 

depth  of  suction. 

13  ft. 

36  ft. 

30  ft. 

20  ft. 

Diam. of  dischai-ge 

.30  in. 

33  in. 

34  in. 

34  in. 

Nominal  capacity, 

sand  per  nour. 

500  cu.  yd. 

1  600  cu.  yd. 

800  cu.  yd. 

800  cu.  yd. 

Average  of  tests. 

sand  per  hour. 
Sand  per  hour  per 

1  070  cu.  yd. 

1  533  cu.  yd. 

1  850  cu.  yd. 

1.  H.  P. 

3.7  cu.  yd. 

3.38  cu.  yd. 

1.62  cu.  yd. 

Sand  agitators: 

Type. 

Water-jet. 

Water-jet. 

Water-jet. 

Water-jet. 

Type  of  pump. 

Helrcal. 

3  du.,  triple-exp. 

Centrifugal. 

2  du.comp.non-con . 

Size. 

15  in. 

16  in. 

18  m. 

16  X  12  in. 

Diam.  and  stroke. 

8x16x12  in. 

8, 141^  and  34x15  in. 

12  and  33  x  14  in. 

81^x16x13  in. 

Number  of  jets. 

6 

18 

13 

18 

Diam.  of  jets. 

2^  in. 

lin. 

IMin. 

Min. 

Pressure. 

9  lb. 

50-80  lb. 

13-20  lb. 

40-50  lb. 

Electric  light  plant: 

Type  of  eugine. 

Horiz.  belt-conn. 

Vert.,  direct-conn. 

Horiz.,  belt-conn. 

Vert.,  belt-conn. 

Diam.  of  cylinder. 

6  in. 

7  in. 

Sin. 

7  in. 

Stroke. 

10  in. 

7  in. 

10  in. 

9  in. 

Type  of  gener. 

4-pole. 
9fcw. 

4-pole. 

4-pole. 

4-pole. 

Capacity. 

15  kw. 

12  kw. 

9  kw. 

Searchlights. 

1 

3 

1 

1 

Arc  lights. 
Incandes.  lights. 

3 

4 

3 

70 

125 

75 

100 

Boilers: 

Number. 

4 

4 

6 

4 

Type. 

"Miss.  Riv." 

Heine  water-tube. 

"Miss.  Riv." 

Heine  water-tube. 

Diam. 

49  in 

48  in. 
28  ft. 

Length.                      38  ft. 
Tubes,    number 



and  diam.              5,  10  in.  diam. 

171,  33^  in.  diam. 

5,  11  in.  diam. 

140,  Si^  in.  diam. 

Tubes,  length.        ,  28  ft. 

16  ft. 

28  ft. 

10  ft. 

Tot.  heating  surf.  ■  1  G30  sq.  ft. 

8  964sq.  ft. 

3  .572  sq.  ft 

8  184  sq.  ft. 

Total  grate  surf,  i  72  sq  ft. 

216  sq.  ft. 

137^  sq.  ft. 

213  sq.  ft. 

Ratio.*                      1  22.6 

41 

18.7 

38.3 

Crews: 

On  Dredge. 

44 

56 

44 

44 

On  large  tender. 

36 

36 

26 

26 

On  small  tender. 

16 

16 

16 

16 

On  pile  sinker. 

7 

7 

7 

7 

Gen.  Contractors:     iHired  labor. 

Lindon  W.  Bates. 

J.  S.  George. t 

New   York  Dredg- 
ing Co. 

Contract  price.           $90  000 

$173  775 

$85  530.60 

$124  940 

When  completed.      July,  1895. 

January,  1896. 

August,  1897. 

August,  1897. 

*  Ratio  of  heating  surface  to  grate  surface,    t  and  H.  P.  Ellis,  Receivers,  Bucjtus  S.  S.  &  D.  Co. 
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Epsilon 


Zeta. 


lota. 


Steel. 
157  ft. 
40  ft. 
7  ft.  6  in. 
46  in. 
665  tons. 

None. 


Steel. 
157  ft. 
40  ft. 
7  ft.  6  in. 
4ti  in. 
665  tons. 

None. 


Steel. 
192  ft. 
44  ft. 
7  ft. 
48  in. 


Two. 

Horiz..  tan.,  comp. 

non-cond. 
16  and  36  in. 
18  in. 
180 

140  lb. 
750 


Two. 

Horiz.,  tan.,  comp., 

non-cond. 
16  and  26  in. 
18  in. 
180 

140  lb. 
750 


None. 


None. 


One. 

Double  suction. 

69  in. 

3  505  ft. 
58  ft. 
24  in. 

30  ft. 

18  fl. 
33  in. 

1  000  cu.  yd. 

2  553  cu.  yd. 

3.3S  cu.  yd. 

Water-jet. 

Centrifugal. 

15  in. 

13  and  22x12  in. 

10 

2  in. 

8-9  lb. 


One. 

Double  suction. 

eg  in. 

3  505  ft. 
58  ft. 
34  in. 


18  ft. 
32  in. 

1  OOOcu.  yd. 

1  364  cu.  yd. 

1.98  cu.  yd. 

Water-jet. 

Centrifugal. 

15  in. 

13  and  33  x  13  in. 

10 

3  in. 

8-9  lb. 


'•Miss.  Riv."* 

22  in. 
eft. 
21  ft. 
ICi.^  ft. 

Two. 

Horiz.,  tan.,  comp. 

cond. 
16  and  36  in. 
20  in. 
165 

160  lb. 
800 

Duplex  comp. 
10  and  17  in. 
19  in. 
15  in. 

One. 

Double  suction. 

75  in. 


24  in. 
23  ft. 


18  ft. 
321^  in. 


1  000  cu.  yd. 


Water-jet. 

Duplex  comp.  con. 

16  X  15  in. 

10  X  20  X  15  in. 

12 

%\n. 

50  to  80  lb. 


Horiz.,  direct-conn.    Horiz., direct-conn.   Vert.,  direct-conn. 


5  in. 

6  in. 
4-pole. 
21  kw. 
1 

2 


"  Miss.  Riv.' 
48  in. 

28  ft. 


o  m. 

6  in. 

4-pole. 

12  kw. 

1 

2 

75 

6 

"  Miss.  Riv. 

48  in. 
28  ft. 


3,llin.dia.&2,13in.  3, 11  in.dia.,<S:2,13in. 

28  ft.  28  ft. 

3  000  sq.  ft.  3  000  sq.  ft. 

143  sq.  ft.  143  sq.  ft. 

31  21 


Sin. 

6  in. 

4-pole. 

15  kw. 

2 

2 

100 


'•Miss.  Riv." 
44  in. 
30  ft. 

4,  U  in.  diam. 

30  ft. 

3  769  sq.  ft. 

157.5  sq.  ft. 

23.9 


44 
26 

16 

Springfield    Boiler 
&Mf'g.  Co. 

$102  fKjO 
March.  1898. 


44  48 

26  ... 

16  

7  

Springfield  Boiler    Springfield  Boiler 

&  Mfg.  Co.  &  Mfg.  Co. 

$106  000  $98  830 
March,  1898.             ,  August,  1901. 


Kappa. 


Steel. 
192  ft. 
44  ft. 
7  ft. 
48  in. 


"  Miss.  Riv."* 

32  in. 
7  ft. 
•22  ft. 
13  ft. 

Two. 

Horiz.,  tan.,  comp. 

cond. 
15  and  30  in. 
24  in. 
140 

170  lb. 
860 

Duplex  comp. 
10  and  17  in. 
19  m. 
15  in. 

One. 

Double  suction. 

84  in. 


24  in. 
23  ft. 


18  ft. 
31X  in. 


1  OOOcu.  yd. 


Water-jet. 

Duplex  comp.  con. 

16  X  15  in. 

10  X  20  X  15  in. 

12 

%in. 

50  to  80  lb. 

Vert.,  direct-conn. 

Sin. 

9  in. 

4-pole. 

15  kw. 

2 

2 

100 


"Miss.  Riv." 
44  in. 
30  ft. 

4,  11  in.  diam. 

30  ft. 

3  830  sq.  ft. 

157.5  sq.  ft. 

34.3 

4S 


Bucyrus  Co. 

$133  400 
July,  1901. 


Henry  Flad. 


Steel. 
193  ft. 
44  ft. 
7  ft. 
48  in. 


"  Miss.  Riv."* 

22  in. 
7  ft. 
32  ft. 
13  ft. 

,  Two. 

'  Horiz.,  tan.,  comp.. 
cond. 

15  and  30  in. 
'  24  in. 

140 

165  lb. 

850 

Duplex  comp. 
10  and  17  in. 
19  in. 
15  in. 

One. 

Double  suction. 

84  in. 


24  in. 
33  ft. 


18  ft. 
33  in. 


1  000  cu.  yd. 


Water-jet. 

Duplex  comp.  con. 

16  X  15  in. 

10  X  30  X  15  in. 

12 

%in. 

50  to  80  lb. 

Vert.,  direct-conn. 

Sin. 

9  in. 

4-pole. 

15  kw. 

2 

2 

100 


"  Miss.  Riv." 
44  in. 
30  ft. 

4,  11  in.  diam. 

30  ft. 

S  S30  sq.  ft. 

157.5  sq.  ft. 

24.3 

48 


Bucyrus  Co. 


$122  400 
July,  1901. 


*  Side- wheel. 
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mercury.  The  discharge  head  or  pressure  was  measured  by  a 
piezometer  inserted  in  the  discharge  pipe,  near  the  pump,  and 
connected  to  a  manometer,  filled  in  some  instances  with  water  and 
in  others,  where  the  head  was  large,  with  mercury.  All  pressures 
were  reduced  to  feet  of  water  and  to  the  center  of  the  pipes. 

From  these  observations  the  various  functions  of  capacity, 
velocity  of  discharge  and  efficiency  were  determined.  This  barge 
was  afterward  used  in  making  tests  of  the  pumps  on  the  Beta, 
Gamma,  Delta,  Ei^silon  and  Zeta,  and  the  results  have  been  pub- 
lished.* 

The  tests  of  pumps  on  all  the  dredges  except  the  Beta  were  made 
by  C.  W.  Sturtevant,  M.  Am.  Soc.  C.  E.,  who  was  in  charge  of  the 
operation,  care  and  maintenance  of  the  dredges  from  1893  to  1898 
and  from  1899  to  1902,  and  to  his  energy  and  ability  is  due,  in  a 
very  large  measure,  the  success  of  these  operations.  The  tests  of 
the  Beta  were  made  under  the  direction  of  William  Gerig,  M.  Am. 
Soc.  C,  E.,  who  had  also  acted  as  inspector  for  the  Government 
during  her  erection.  The  observations  were  made  with  great  care 
by  reliable  observers,  and,  from  a  considerable  personal  knowledge 
cf  methods  used,  the  writer  has  great  confidence  in  their  accuracy. 
On  the  Beta  alone  the  writer  believes  the  results  given  have  very 
little  value  except  to  show  that,  under  peculiarly  favorable  circum- 
stances and  for  a  very  short  interval  of  time,  the  dredge  has  an 
enormous  capacity.  The  tests  were  raade  for  the  contractor's  benefit, 
and  he  was  allowed  to  select  the  locality  for  testing  and  indicate 
by  signal  just  when  the  measurements  should  be  made.  The  results, 
as  far  as  the  efficiency  of  the  pumps  is  concerned,  are  absolutely 
valueless;  because,  although  the  discharge  of  both  pumps  was  meas- 
ured, the  indicated  horse-power  developed  was  measured  on  only 
one  engine  and  this  qtiantity  doubled  to  obtain  the  total  power, 
although  the  speed  of  the  two  pumps  varied  as  much  as  17  rev. 
per  min.  in  one  test. 

Mr.  Gerig  writes  concerning  these  tests  as  follows: 

"One  of  the-  requirements  of  the  specifications  of  the  dredge 
Beta  was:  Before  the  dredge  and  dredging  plant  are  accepted  and 
paid  for  by  the  Government  it  shall  be  subjected  to  the  following 
tests : 

''First.  A  test  for  determining  the  capacity  of  the  pumps  to  lift 
and  discharge  material.  This  test  shall  be  made  by  placing  the 
*  Annual  Reports,  Chief  of  Engineers,  U.  S.  A.,  for  1895  to  1898. 
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dredge  at  work  at  some  point  on  the  river,  fixed  by  the  United 
States  Engineer,  where  an  ordinary  river  sand  may  be  obtained 
at  the  average  depth  of  cutting. 

"They  shall  discharge  through  1  000  ft.  of  pipe  each,  with  the 
pumps  running  at  their  average  speed  and  withoxit  applying  forced 
draft  to  the  boilers,  into  a  barge  fitted  up  for  the  purpose,  in  such 
a  way  as  to  determine  separately  the  respective  amounts  of  sand 
and  water  discharged  per  hour. 

"The  programme  prescribed  for  making  the  tests,  the  measuring 
barge,  and  other  appliances  used  were  the  same  as  previously 
employed  in  successfully  testing  the  dredge  Alpha,  and  were  ample 
except  steam  indicators,  of  which  only  a  sufficient  number  were 
available  to  obtain  cards  from  one  engine. 

"The  contractor,  from  a  lack  of  confidence  in  his  figures  or 
estimates  of  the  pumps'  capacities,  interposed  so  many  objections 
to  the  method  of  making  the  tests,  although  he  had  agreed  to  the 
above  clause  of  the  specifi.cations,  and  was  familiar  with  the  tests 
of  the  Alpha  and  also  to  the  various  points  fixed  by  the  United  States 
Engineer  officer  for  placing  the  dredge  at  work,  so  that,  finally, 
after  a  large  amount  of  preliminary  work  had  been  done  by  the 
dredge,  and  after  the  first  official  barge  test  had  been  made,  it  was 
decided  to  permit  him  to  select  the  bar  where  the  work  should  be 
done  and  to  indicate  when  the  discharge  should  be  turned  into  the 
barge. 

"The  contractor,  of  course,  did  not  fail  to  have  the  conditiong 
most  favorable  before  he  would  declare  his  readiness  for  the  test 
to  begin  and  such  conditions  are  never  encountered  in  actual  field 
operations. 

"In  making  a  capacity  test,  the  dredge  was  first  operated  for  some 
time,  in  order  that  all  of  the  machinery  was  known  to  be  in  good 
working  condition,  then,  when  the  discharge  pipes  were  well  loaded, 
and  in  test  No.  5  they  were  sinking,  the  contractor  would  declare 
his  readiness  for  the  tests  to  begin.  The  pontoons  had  a  capacity 
to  carry  material  composed  of  water  and  about  50%  sand.  «. 

"When  discharging  into  the  river  while  the  barge  was  connected, 
the  stream  had  to  make  a  right-angle  turn  at  the  barge,  but  when 
the  valves  were  opened  it  flowed  in  a  straight  line,  being  a  continua- 
tion of  the  axis  of  the  discharge  pipe,  into  the  barge. 

"As  soon  as  the  valves  were  opened  the  discharge  pipes  did  rise 
at  the  measuring  barge  and  continued  rising  toward  the  dredge 
until  the  valves  were  closed  again,  although  the  rate  of  advance 
and  the  depth  of  the  suction  head  had  not  bceri  changed.  The 
speed  of  the  main  pumping  engines,  however,  did  increase,  although 
the  throttle  valve  had  not  been  touched.  These  facts  were  carefully 
noted  by  observers  stationed  at  the  various  points  for  this  special 
purpose. 
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"When  the  pontoons,  by  their  submergence,  show  that  the  ma- 
terial being  transported  contains  from  30  to  50%  or  more  of  sand, 
a  large  portion  of  the  heavier  particles  in  the  bottom  half  of  the 
pipe  is  moving  at  a  very  low  velocity,  or  probably  not  moving  at 
all,  and  a  sudden  removal  of  a  certain  amount  of  head  at  the  end  of 
the  pipe  acts  as  a  relief  and  permits  the  material  to  be  discharged 
more  rapidly.  This  reduction  of  head  at  the  end  of  the  pipe 
occurred  when  the  flow  of  the  discharge  was  changed  to  a  straight 
line.  The  amount  of  reduction  was  the  head  required  to  overcome 
the  friction  developed  by  the  stream  flowing  through  90°  of  curva- 
ture having  a  very  short  radius.  The  amount  of  this  head  was 
probably  more  than  that  ordinarily  required  at  a  90°  ell,  since  the 
sides  of  the  valve  chamber  were  square  and  the  valve  alone  was 
curved.  This  probably  explains  the  cause  of  the  reduction  of  the 
submergence  of  the  pontoons  when  the  valve  was  opened. 

"Your  attention  is  called  to  the  fact  that  the  time  required  to  fill 
the  measuring  barge  was,  in  most  cases,  less  than  that  required  for 
transporting  the  material  from  the  pi;mp  to  the  barge,  and,  there- 
fore, the  pump  may  possibly  have  been  handling  a  material  of 
entirely  different  density  than  that  actually  delivered  in  the  barge; 
and  the  data,  which  were  obtained  at  the  pump  and  engine  simul- 
taneosly  with  the  opening  of  the  valve,  are,  to  say  the  least, 
suspicious. 

"The  contractor  was  given  these  privileges  only  after  it  had 
been  determined,  from  a  large  number  of  observations  on  the  cuts 
made,  that  the  capacity  of  the  dredge  was  ample  to  fulfill  the 
requirements  of  the  specifications." 

Although,  as  stated  previously,  the  writer  has  every  confidence 
in  the  observations  made,  he  believes  the  reductions  of  data  and 
results,  as  published,  in  so  far  as  efficiency  of  pumps  is  concerned, 
are  seriously  in  error.  Inasmuch  as  these  reductions  and  computa- 
tions were  made  under  the  direction  of  that  eminent  engineer. 
Col.  Henry  Flad,  the  writer  attacks  them  with  considerable  diffi- 
dence, and  begs  to  submit  his  reasons  in  considerable  detail. 

In  computing  the  amount  of  work  done  by  the  pump,  it  is  im- 
portant to  have  a  very  clear  understanding  of  just  what  work  the 
pump  is  to  be  credited  with  and  how  it  is  indicated. 

In  any  case,  the  work  done  by  the  pump  is  eqiial  to  ^  X  W  X  JT, 
where 

Q  =  volume  of  material  pumped  per  unit  of  time; 

W  =  weiglit  per  unit  volume  of  material  pumped; 

2  2 

H  =  total  head,  =  hi,-\-'!l-  +  /i^  —  — (1) 

'2fj  2  g 


DREDGING   ON   THE   MISSISSirPI  RIVER. 


405 


in  which, 

hj)  =r  head  on  disscliarire  pipe,  in  feet  of  material  pumped; 

hs  =  head  or  vacuum  on  suction  pipe,  in  feet  of  material  pumped; 

i-^  =  velocity  in  discharge  pipe,  in  feet  per  second; 

V s  =  velocity  in  suction  pipe,  in  feet  per  second. 

Q,  W,hp  and  hg  are  factors  determined  by  direct  measurement  and 
observation;  and  v j^  and  Vs  are  computed  from.  Q  and  the  known 
area  of  the  suction  and  discharge  pipes. 

It  remains,  then,  to  show  that  the  total  head,  H,  is  made  up  of 
the  quantities  in  Equation  1. 

The  total  energy  imparted  to  the  fluid  (and,  in  this  case,  by 
fluid  is  meant  the  mixture  being  pumped,  be  it  pure  water  or  sand 
and  water)  is  expended,  outside  the  pump  itself,  in  overcoming  en- 
trance head,  friction  in  pipes  and  actual  lift,  and  in  creating 
velocity,  and  all  this  is  included  in  the  term,  head. 

It  is  generally  accepted  that  on  a  pipe  flowing  under  pressure  a 
piezometer  will  indicate  all  the  head  except  the  velocity  head.  On 
a  suction  pipe,  however,  a  piezometer  gives  the  total  head  on  the 
pipe,  including  the  velocity  head.  This  fact  is  shown  quite  clearly 
by  Mr.W.  M.White,  in  the  Journal  of  the  Association  of  Engineering 
Societies,  October,  1900,  where  he  proposed  to,  and  did,  measure 
velocities  by  piezometers  in  the  suction  pipes  of  centrifugal  pumps. 
This  fact  is  also  shown  quite  clearly  by  Professor  W.  B.  Gregory, 
of  Tulane  University,  in  a  report  to  the  "Mississippi  River  Commis- 
sion, as  follows: 

"Referring  to  fig-ure  (Fig.  19),  let  two  tanks  K  and  L  be  con- 
nected by  a  pipe  of  uniform  cross-section  in  which  water  flows  with 
a  constant  velocity  r  when  the  level  of  the  water  in  tank  K  is   at 
A.     Suppose  a  suitable 
supply      provided      for 
tank    K    or    that    the 
water    level    is    always 
kept  at  A;  also  an  out- 
flow provided  for  tank 

L,  so   that   water   may   

be  discharged  into  L 
and  a  desired  height 
always  maintained. 

"Now,       neglecting  

losses  due  to  friction 
in    pipe     at     entrance, 

etc.,      the      "hydraulic  

gradient"    would    take  yig.  i9. 
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the  position  of  line  C  E,  and  this  would  be  the  level  of  the  water  in 
the  tank^  L^  to  maintain  continuous  flow  at  a  velocity  of  v  feet  per 

second.  A  C=  B  E  —-  --.    Let  two  piezometers  be  placed  in  pipe  at 
Zg 

m  and  n;  the  level  in  these  piezometers  would  be  s,  t. 

"Suppose  at  section  X  we  cut  the  pipe  and  introduce  a  pump, 
which  will  always  maintain  the  uniform  velocity  v  in  the  pipe  and 
also  deliver  the  water  into  tank  L  at  a  level  A  B.  The  level  of  water 
in  discharge  tank  will  then  just  equal  that  in  suction  tank,  and  the 
work  of  the  pump  will  clearly  be  to  produce  the  velocity  head. 

"At  the  left  of  section  X  the  conditions  are  unchanged  from 
those  of  the  first  case  taken,  for  the  constant  velocity  v  is  main- 
tained. 

"The  height  of  the  water  in  piezometer  m  will  therefore  be  at 
s.  On  the  right  of  section  X  the  level  of  water  in  tank  L  is  raised 
to  B,  and  therefore  the  water  in  piezometer  n  will  stand  at  lo. 

"The  difference  between  the  readings  of  the  two  piezometers 
will  thus  be  seen  to  include  the  velocity  head;  in  fact,  in  this  case 
would  be  just  equal  to  the  velocity  head. 

"Again,  if  water  is  pumped  into  tank  L  and  the  level  in  tank 
is  raised  to  G,  while  the  same  velocity  v  is  maintained  in  suction 
and  discharge  nipes,  the  level  of  water  in  piezometer  n  would  be 
at  F,  while  in  the  piezometer  m  it  would  still  stand  at  s;  the  difFer- 

ence  between  these  two  readings  would  plainly  be   E  G  =  ^ 1-  -^ 

^  2g 

and  is  seen  to  include  the  velocity  head. 

"The  simplest  possible  case  has  been  taken  to  prove  this  point; 
the  proof  still  holds,  however,  if  we  consider  all  losses  in  the  pipe. 

"It  will  be  seen  that  if  section  at  m  differs  in  size  from  that  at 
n,  the  hydraulic  gradient  will  not  be  a  straight  line;  but  in  any 
case  the  velocity  head  which  is  included  is  that  at  m,  i.  e..  the 
velocity  head  corresponding  to  the  velocity  in  suction  pipe.  The 
velocity  head  in  discharge  pipe  will  not  be  shown  by  piezometer, 
but  may  be  compiited.  If  it  is  more  than  that  in  suction  pipe  the 
difference  must  be  added  to  suction  and  discharge  heads;  if  less,  it 
roust  be  substracted." 

If  these  facts  concerning  piezometers  be  accepted  as  true,  and 
if  the  suction  and  discharge  pipes  are  of  the  same  size,  then  the 
total  head,  //  =  /^o  -(-  J/s  ■ 

The  principal  error,  in  the  published  results  of  the  barge  tests 
referred  to,  lies  in  the  fact  that,  to  the  simi  of  the  observed  suction 
and  discharge  heads  has  been  added  the  velocity  head  in  the  dis- 
charge pipe,  thus  crediting  the  pump  with  velocity  head  twice.  On 
all  the  dredges  except  the  Delta  the  suction  pipes  have  a  somewhat 
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greater  area  than  the  discharge  pipe,  and  the  difference  of  heads 
due  to  the  velocities  in  the  suction  and  discharge  pipes  should  be 
added  to  the  sum  of  the  observed  suction  and  discharge  heads  in 
determining  the  total  head.  On  the  Delta,  the  sizes  are  given  as 
the  same. 

Another  error,  though  not  a  large  one,  lies  in  the  fact  that,  in 
some  instances,  though  not  in  all,  the  head  in  feet  of  water  was 
used,  instead  of  in  feet  of  the  material  being  pumped,  as  shoiild 
have  been  done. 

Having  in  mind  these  errors,  the  writer  has  recomputed  the 
published  results,  using  the  observed  quantities  as  given,  and  sub- 
mits the  results  obtained  in  Table  30.  Column  16  is  derived  as 
follows : 

A  cubic  foot  of  wet  sand  was  assumed  to  weigh  the  given  weight 
dry,  plus  the  weight  of  water  occupying  voids ;  a  cubic  foot  of  the 
mixture  pumped  then  weighs  the  percentage  of  sand  pumped 
(Column  30)  into  the  weight  of  wet  sand,  plus  the  weight  of  the 
remaining  percentage  of  water  into  the  weight  of  water,  62.5  lb. 
per  cu.  ft.  The  head  of  material  pumped  f Column  22)  is  to  the 
total  head  of  water  observed  (Column  21)  as  the  weight  per  cubic 
foot  of  material  pumped  is  to  the  weight  of  water.  Column  24 
gives  the  efficiency  of  the  pump  and  engines,  as  based  on  the  indi- 
cated horse-power  developed.  Column  25  gives  the  efficiency  of 
the  pump  alone,  assuming  for  the  engines  an  efficiency  of  90%, 
which  does  not  seem  unreasonable. 

The  characteristic  features  of  these  pumps  are  shown  by  Figs. 
20,  21,  22,  23,  24  and  35. 

In  1902  the  Mississippi  Hiver  Commission  authorized  the 
preparation  of  plans  for  an  additional  dredge,  making  the  tenth 
in  the  series.  As  the  dredges  previously  built  had  pumps  of  various 
types,  each  apparently  recommended  by  different  features,  a  series 
of  comparative  tests  was  authorized,  to  determine,  if  possible,  a 
standard  type,  combining  in  the  greatest  degree  efficiency,  endurance 
and  convenience  of  repair.  These  tests  were  placed  under  the 
direction  of  the  writer,  and  were  made  during  the  low- water  season 
of  1902  at  such  times  as  the  dredges  were  not  required  for  actual 
dredging  and  at  such  times  as  the  writer  could  spare  from  his  other 
duties  as  Superintendent  of  Dredging  Operations. 
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■»  Work  done,  in  foot- 
»     poundsper  second. 


^  Percentage  of  effi- 
g       ciency   of   pump 

■^       and  engine.      

—  Efficiency  of  pump 
^  Engine  efficiency  as- 
w  sumed,  at  90  per  cent. 
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"S  Diameter  of  runner, 
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The  instructions  of  the  Committee  on  Dredging  were  to  the 
effect  that  it  was  desired  to  obtain  the  efficiencies  of  the  boilers, 
engines  and  sand  pumps  of  each  dredge.  Tests  were  to  be  made  by 
pumping  water  only,  and  at  various  speeds  above  and  below  the 
normal.  In  order  to  ascertain  the  effect  of  the  form  of  the  suction 
head,  tests  were  to  be  made,  when  practicable,  with  the  head  re- 
moved. The  loss  of  head,  due  to  friction  in  discharge  pipes  and  the 
effect  of  bends,  was  to  be  determined. 

The  plants  were  in  good  ordinary  working  condition,  and  no 
preparations  were  made  for  the  tests  except  those  necessary  for 
attaching  the  apparatus  used. 

The  machinery  was  operated  by  the  regular  crews  and  in  the 
ordinary  manner,  except  as  to  variation  in  speed;  and  it  is  believed 
that  the  results  obtained  are  fair  examples  of  those  obtained  in 
ordinary  every-day  operation.  This  feature  was  considered  a 
desirable  one,  and  should  be  borne  in  mind  when  comparing  the 
measurements  and  methods  with  laboratory  work. 

The  boiler  tests  will  be  referred  to  only  briefly.  They  were 
made  in  accordance  with  the  rules  and  practice  adopted  by  the 
American  Society  of  Mechanical  Engineers,  and,  while  interesting 
in  themselves,  the  most  valuable  feature  brought  out  was  that  the 
inean  efficiency  of  thirty-six  "Mississippi  River"  boilers  tested  was 
9.10  lb.  of  water  evaporated  from  and  at  212°  per  lb.  of  combustible, 
as  against  9.24  lb.  with  five  Heine  water-tube  boilers.  The  "Missis- 
sippi Kiver"  type  of  boilers,  it  should  be  remembered,  are  return- 
flue,  tubular,  external-fired,  with  four  or  five  flues  of  tubes  from 
11  to  13  in.  in  diameter.  Those  tested  were  from  44  to  48  in.  in 
diameter  and  from  28  to  30  ft.  long. 

The  engine  tests  made  were  to  determine  the  relative  steam 
consumption  per  indicated  horse-power-hour  of  condensing  and  non- 
condensing,  tandem,  compound  engines  of  approximately  the  same 
type. 

Appliances  for  Measurements. 

Pitot  Tubes. — In  determining  the  capacity  of  the  centrifugal 
pumps,  the  very  first  problem  presenting  itself  was  the  method  of 
measuring  the  flow  in  a  32  to  34-in.  pipe  in  which  the  velocity  was 
from  14  to  25  ft.  per  sec.  and  under  a  head  of  from  18  to  30  ft. 
of  water. 
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The  instructions  of  the  Committee  recommended  the  use  of 
Pitot  tubes,  and,  after  a  careful  study  of  the  subject,  the  writer 
believes  that  no  other  method  of  measuring  the  velocities  is  as 
simple,  inexpensive  and  practical.  The  publication  of  the  paper,* 
by  Messrs.  Williams,  Hubbell  and  Fenkell,  on  the  flow  of  water 
in  pipes,  was  most  timely.  A  considerable  portion  of  this  paper 
and  its  discussion  is  devoted  to  the  Pitot  tube  and  the  question  of 
its  merit  as  an  accurate  instrument  for  measuring  the  velocity  of 
flowing  water. 

This  accuracy  seemed  to  be  fully  conceded  with  tubes  properly 
constructed,  and  it  remained  to  design  a  tube  that  could  be  inserted 
into  the  suction  or  discharge  pipes  readily,  that  would  be  strong 
enough  to  stand  the  rough  usage  to  which  it  would  be  subjected, 
and  still  show  accurate  and  reliable  resvilts. 

In  designing  a  tube  for  this  work,  it  was  thought  that  the  theory 
that  the  impact  point,  when  formed  of  a  surface  of  revolution,  will 
convert  velocity  head  into  static  head,  in  accordance  with  the 
formula,  v  =  V  2  g  h,  had  been  most  thoroughly  and  conclusively 
demonstrated  to  be  true  in  the  discussiont  by  Mr.  W.  M.  White 
j;nd  by  some  experimentst  made  by  him.  This  point  being  accepted 
as  true,  it  was  necessary  to  design  a  tube  in  which  the  pressure 
point  would  give  the  true  static  pressure,  or  one  with  which  there 
would  be  no  suction  action  due  to  the  current  passing  the  pressure 
openings. 

Nine  tubes  were  constructed  and  experimented  with,  but  the 
inherent  defects  of  the  design  of  all  but  Tubes  Nos.  1,  3,  8,  9  and 
10  were  soon  apparent  and  they  were  discarded.  The  writer  admits 
that,  had  he  been  more  familiar  with  the  subject,  it  would  not  have 
been  necessary  to  have  made  and  experimented  with  certain  forms 
which  were  tried,  but  as  the  mistakes  of  others  are  sometimes  of 
value  to  those  seeking  information  along  lines  unfamiliar  to  them, 
a  brief  description  of  all  the  tubes  is  given,  with  sketches  of  Tubes 
Nos.  1,  2.  3,  5,  6  and  8,  in  Figs.  25  and  26. 

Tube  No.  1  consists  of  two  pieces  of  brass  tubing,  i  in.,  inside 
diameter,  enclosed  in  an  iron  pipe  32.5  in.  long,  turned  to  iHi  in., 
outside  diameter.     One  of  the  small  brass  tubes  is  bent  to  a  right 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVII,  p.  1. 

t  Transactions.  Am.  Soc.  C.  E.,  Vol.  XLVn,  p.  292. 

t  Described  in  the  Journal  of  the  Association  of  Engineering  Societies,  August.  1901. 
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angle  at  its  lower  end  and  below  the  end  of  the  enclosing  pipe, 
and  the  plane  of  the  opening  is  made  truly  parallel  with  the  upright 
pipe.  This  forms  the  impact  opening,  or  point.  The  other  brass 
tube  is  brazed  into  a  solid  brass  piece,  circular  in  section,  placed  at 
right  angles  to  the  tube.  The  up-stream  end  is  turned  down  to 
a  sharp  point,  and  its  end  is  even  with  the  impact  point  and  below 
it.  This  brass  point  has  a  -r«-in.  hole  drilled  in  each  side,  connecting 
with  the  interior  of  the  upright  tubes.  The  upper  ends  of  the  brass 
tubes  have  i-in.  air-cocks,  which  are  connected  to  the  gauges  by 
i-in.  rubber  tubing  about  4  ft.  long.  The  small  brass  tubes  are 
held  in  position  in  the  enclosing  pipe  by  lead  or  cement  poured 
around  them.  The  outside  pipe  slides  through  a  stuffing-box,  which 
is  screwed  into  a  hole  tapped  into  the  suction  or  discharge  pipes 
with  a  1^-in.  pipe  tap.  The  top  of  the  enclosing  pipe  has  a  handle 
set  carefully  at  right  angles  with  the  plane  of  the  impact  opening. 
This  arrangement  permits  placing  the  point  of  the  tube  at  any 
point  along  the  diameter  of  the  pipe  in  which  velocity  is  to  be 
observed,  and  permits  "traversing,"  or  the  determination  of  the 
velocity  curve  across  the  pipe. 

The  arrangement  of  the  stuffing-box,  the  enclosing  pipe  handle 
and  the  connections  to  the  gauges  are  common  to  all  the  tubes  used. 

Tube  No.  2  has  an  impact  point  similar  to  Tube  No.  1,  but 
the  static  point  is  a  simple,  vertical,  open-end  tube,  with  the  plane 
of  the  opening  parallel  with  the  current.  Of  all  the  tubes  made, 
this  form  of  pressure  opening  showed  the  greatest  amount  of  suction 
action.  In  fact,  the  suction  was  greater  than  the  impact  force 
on  the  impact  point,  as  was  made  evident  by  the  fact  that  when 
the  impact  point  was  turned  down  stream  it  still  showed  a  difference 
of  pressure,  due  apparently  to  impact,  about  half  as  great  as  when 
facing  the  current.     This  tube  was  promptly  abandoned. 

Tube  No.  3  is  very  similar  to  Tube  No.  1,  except  that  the  impact 
point  is  below  the  static  point.  This  tube  and  Tube  No.  1  were 
used  in  making  measurements,  and  a  correction  was  applied  to  the 
readings,  as  mentioned  later. 

Tube  No.  4  was  Tube  No.  2  with  the  lower  end  of  the  static 
tube  plugged  up  and  openings  drilled  in  the  side  of  the  pipe.  It 
was  not  used. 

Tube  No.   5  has  impact  and  pressure  points  of  similar  form,. 
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but  pointing  in  opposite  directions.  That  there  was  a  very  con- 
siderable amount  of  suction  with  this  form  was  very  apparent,  but 
the  actual  amount  was  not  determined.    It  was  not  used. 

Tube  No.  6  is  very  similar  to  Tube  No.  1,  except  that  larger 
tubes  were  used,  the  impact  point  being  filled  with  a  plug  having 
a  hole  4  in.  in  diameter.     It  was  not  used. 

Tube  No.  7  is  a  tube  for  measuring  static  pressure  only,  and 
was  not  used. 

Tube  No.  8  has  a  vertical  outside  pipe  of  the  same  size  as  the 
others,  to  permit  the  use  of  the  same  stuffing-boxes;  otherwise,  it  is 
radically  different  from  the  forms  just  described,  and,  as  the  writer 
believes  it  to  be  of  a  form  in  which  there  is  no  suction  action  at 
the  pressure  openings,  especial  attention  is  invited  to  it. 

The  lower  end  of  the  vertical  pipe  is  joined  at  right  angles  to 
a  1-in.  pipe  about  18  in.  long;  the  outer  end  of  this  pipe  is  drawn 
down  to  the  size  of  a  :|-in.  brass  tube,  which  is  brazed  into  it  and 
forms  the  impact  point.  The  tapering  portion  of  the  outside  hori- 
zontal pipe  is  about  6  in.  in  length.  The  inside  brass  tube  extends 
inside  the  outer  pipe  to  the  top,  where  it  is  provided  with  a  ^-in. 
air-cock.  Three  holes,  about  re  in.  in  diameter,  are  drilled  in  the 
sides  of  the  outside  horizontal  pipe.  These  holes  are  not  on  the 
same  diameter,  and  are  in  the  straight  portion  of  the  pipe.  Care 
was  taken  to  drill  them  exactly  normal  to  the  surface  of  the  pipe, 
which  was  ground  true  and  smooth.  These  holes  form  the  openings 
for  determining  the  static  pressure,  the  interior  of  the  horizontal 
pipe  being  connected  through  the  upright  pipe  and  one  handle  to  a 
J-in.  air-cock. 

Tube  No.  9  is  as  nearly  like  Tube  No.  8  as  a  skilled  machinist 
could  make  it. 

Tube  No.  10,  Fig.  26,  has  the  characteristics  of  Nos.  8  and  9, 
except  that  it  is  somewhat  smaller  in  all  dimensions,  and  the  hori- 
zontal pipe  is  considerably  shorter.  It  was  made  as  a  result  of  all 
the  experiments  with  other  tubes,  and  is  presented  as  the  writer's 
idea  of  a  cheap,  practicable  and  accurate  instrument  for  measuring 
the  velocity  of  flowing  water  in  pipes  or  conduits. 

All  the  tubes,  as  well  as  the  gauges  used  with  them,  and  described 
later,  were  made  by  ordinary  machinists  in  the  shops  on  the  dredges. 

If  the  theory  is  accepted  that  velocity  head  will  be  converted 


DHKDCIXG    OX    TTIK    M  ISSISSIT'PF    TUVKK. 


423 


k  -  -! 313/16 >] 


^mk,„.., — .-z::::..°...°:.„,„,..^^^i^^^'-^^ 


-35^- 


-  -4H-  -  - 


1 


'M 


GX-- 


-H 


Fig.  27. 


424 


DREDGING   ON   THE   MISSISSIPPI   KIVER. 


into  static  head  by  the  impact  point,  as  stated  previously,  and  if 
the  pressure  openings  give  the  true  static  pressure  on  the  pipe, 
then   the   tube   vs^ill   have   a   coefficient   of   unity,   in   the   formula 


r  =  c  y^  "2  il  h,  where  c  is  a  coefficient  and  li  is  the  observed  difference 
of  pressure  shown  by  the  static  and  impact  points  of  the  tube. 

It  is  believed  that  Tubes  Nos.  8,  9  and  10  have  a  coefficient  of 
unity,  and  the  following  observations  are  presented  in  support  of 
this  belief:  The  most  conclusive  method  of  demonstrating  the  fact 
would  be  to  rate  the  tubes  under  the  same  conditions  under  which 
they  were  used,  but  the  difficulties  of  rating  a  tube  in  a  32-in.  pipe 
having  a  velocity  of  flow  of  from  14  to  25  ft.  per  sec,  and  under 
a  pressure  of  from  18  to  30  ft.  of  water  can  be  readily  understood, 
and  no  satisfactory  methods  suggested  themselves  to  the  writer  as 
being  practicable.  The  following  observations  and  measurements, 
however,  were  made: 

Tube  No.  9  was  rated  in  open  running  water  having  a  velocity 
cf  about  3.5  ft.  per  sec.  by  comparing  it  with  floats.  In  this  case 
the  tube  was  suspended  in  the  river  with  the  point  about  12  in. 
below  the  surface  and  facing  the  current.  The  impact  point  and 
static  openings  were  connected  to  opposite  ends  of  an  inverted 
U-tube  of  glass,  from  which  the  air  could  be  partially  exhausted  in 
order  to  bring  the  water  surface  in  the  glass  high  enough  to  be  read. 


TAELE  31. 


Velocity, 
float. 

by 

Velocity,  by 
tube. 

No.  1 

3.316 
3.284 
3.517 
3  41!) 
3.405 
3.312 
3.3K2 
3.333 

3.430 

"    2                                

3.279 

"    3                               

3.3<)3 

"    4  

3.3.58 

"    5 

3.502 

•'    C                                

3.338 

3.351 

"    8         

3.218 

Means.  .        

3.356 

3.344 

The  floats  were  1  by  2-in.  wooden  rods,  24  in.  long,  weighted  to 
float  vertically,  and  with  about  two-thirds  of  their  length  sub- 
merged.    The  time  required  to  pass  over  a  course  40  ft.  long  was 
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observed;  the  Pitot  tube  was  about  one-third  the  distance  from  the 
upper  end  of  the  course.  Eighty  floats  were  run  and  about  600 
observations  of  tube  readings  made,  fn  Table  31  the  velocity 
given  by  the  floats  is  a  mean  of  10  observations,  and  that  given 
for  the  tube  is  the  mean  of  about  75  readings. 

The  means  show  a  coefficient  of  unity  within  about  0.33  per  cent. 

If  Tubes  Nos.  8  and  9  have  coefficients  of  unity  they  should  both 
give  the  same  velocity  in  the  same  pipe  at  the  same  time. 

To  demonstrate  this  they  were  placed  m  the  same  discharge  pipe, 
50  ft.  apart,  and  three  sets  of  observations  made  with  each  tube 
simultaneously.  The  position  of  the  tubes  in  reference  to  each 
other  was  then  reversed  and  three  sets  of  observations  again  made. 
The  points  of  the  tubes,  in  each  case,  were  at  the  center  of  the  pipe. 
The  results  are  given  in  Table  32. 

TABLE  32. 


Velocity  by 
Tube  No.  8. 

Velocity  by 
Tube  No.  9. 

25.370 
24.160 
25.770 

35.360 
25.370 
25.550 

24.500 
25.600 
25.140 

25.190               Reversed  positions. 

24.R40 

25.020 

Means 25.263 

2.5.048 

The  means  agree  within  about  0.8  per  cent. 

Somewhat  later,  Tubes  Nos.  9  and  10  were  compared  in  the 
same  manner,  with  mean  results  showing  a  difference  of  0.9  per  cent. 

That  the  accuracy  of  measurements  by  the  tubes  is  not  affected 
by  pressure,  was  determined  as  follows : 

Tube  No.  8  was  placed  in  the  discharge  pipe,  on  the  second 
pontoon  from  the  stern  of  the  dredge,  where  the  average  static 
pressure  was  IY.5  in.  of  mercury;  Tube  No.  9  was  placed  in  the 
discharge  pipe  on  Pontoon  No.  9,  350  ft.  from  Tube  No.  8,  and 
where  the  average  pressure  was  3.64  in.  of  mercury.  Simultaneous 
readings  were  taken  on  gauges  connected  with  each  tube  and  at 
different  points  across  the  pipe.     The  mean  velocity,  as  determined 
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by  Tube  No.  8,  from  170  observations,  was  22.321  ft.  per  sec.  The 
mean,  determined  by  Tube  No.  9,  was  22.351  ft.  per  sec,  a  differ- 
ence of  0.1  per  cent. 

The  pressure  indicated  by  the  static  openings  in  Tube  No.  9  was 
compared  with  piezometers  in  the  sides  of  a  32-in.  pipe,  as  follows: 

Four  holes  were  drilled  and  tapped  for  i-in.  pipe  at  the  four 
"quarters"  of  a  32-in.  pipe,  all  being  in  the  same  vertical  plane  and 
care  being  taken  to  have  the  holes  normal  to  the  sides  of  the  pipe. 
Ordinary  :|-in.  air-cocks  were  screwed  into  these  holes,  their  ends 
projecting  inside  the  pipe  slightly;  these  were  then  filed  down  care- 
fully, to  present  a  perfectly  smooth  surface  flush  with  the  inside 
of  the  pipe.  It  was  thought  that  if  there  were  any  inaccuracies 
in  the  pressures  indicated  by  the  piezometers  it  would  not  be  prob- 
able that  the  errors  would  be  the  same  with  each  one;  or,  if  the 
pressure  indicated  by  each  piezometer  was  the  same,  all  would  be 
correct.  Each  of  the  piezometers,  in  turn,  was  connected  with 
every  other  one  through  a  differential  gauge,  and  in  no  case  could 
three  expenenced  observers  detect  any  difference  in  pressure.  Tube 
No.  9  was  then  inserted  in  the  same  vertical  section,  with  the  point 
of  the  tube  at  the  center  of  the  pipe.  The  pressure  side  of  the  tvibe 
was  then  connected  in  turn  with  each  piezometer  through  a  differ- 
ential gauge,  and  in  no  case  could  any  difference  in  pressure  be 
detected.  The  pressures  given  by  four  piezometers,  and  the  static, 
or  pressure,  side  of  the  tube  were  exactly  the  same. 

It  is  conceded  that  the  foregoing  observations  do  not  demonstrate 
absolutely  that  the  coefficients  of  Tubes  Nos.  8  and  9  are  unity, 
but,  taken  in  connection  with  the  discussion  of  the  paper  to  which 
reference  has  been  made,  it  is  believed  that  they  furnish  sufficient 
evidence  to  warrant  the  assumption  that  their  coefficient  is  unity, 
and  the  observations  made  with  these  tubes  have  been  so  considered 
in  reducing  results.  Tubes  Nos.  1  and  3  were  compared  with 
Tube  No.  8  in  the  same  manner  that  Tubes  Nos.  8  and  9  were 
compared.  The  results  show  that  Tube  No.  1  has  a  coetticieiit  of 
0.930  and  Tube  No.  3  a  coefficient  of  O.S9ir).  and  th.-sp  values  have 
been  used  in  reducing  observations  made  with  these  tubes. 

The  Gauges. — Two  forms  of  gauges,  or  manometers,  were  used 
in  connection  with  the  Pitot  tubes  and  piezometers,  and  are  shown 
in  Fig.  26. 
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The  differential  gauges  are  simple  U-shaped  glass  tubes,  ^  in. 
inside  diameter,  provided  at  each  end  with  an  attachment  for  con- 
necting with  a  rubber  tube.  The  whole  was  attached  to  a  board 
having  raised  edges  to  protect  the  glass  from  injury.  A  paper 
scale,  divided  into  inches  and  tenths,  was  fastened  to  the  board 
behind  the  tubes,  and  both  the  scale  and  board  were  given  a  coat  of 
varnish  to  prevent  injury  by  water. 

The  open  gauges  are  also  U-shaped  tubes,  with  one  end  longer 
than  the  other,  and  with  an  attachment  for  rubber  tubes  at  one  end 
only.  The  attachments  for  rubber  tubes  were  of  cast  iron.  The 
holes  into  which  the  glass  tubes  were  inserted  were  counter-bored 
about  ^\  in.  larger  than  the  glass,  and  this  space  was  filled  with 
Portland  (sement,  which  madse  a  very  satisfactory  joint.  Tlie 
gauges  were  connected  to  piezometers  or  Pitot  tubes  with  cloth- 
inserted,  rubber  tubing  of  i  in.  inside  diameter  and  not  more  than 
4  or  5  ft.  in  length.  The  gauges  were  filled  with  mercury  to  such 
a  height  as  was  found  necessary  to  indicate  the  pressure  being 
measured.  In  one  or  two  instances,  where  the  pressure  was  very 
light,  water  was  used  in  the  gauges. 

Considerable  patience  and  ingenuity  were  required  to  remove 
all  the  air  from  the  tubes  and  gauges  above  the  mercury.  It  was 
found  that  a  very  small  amount  of  air  in  the  tubes  would  affect 
the  readings  very  materially.  The  glass  tubes  were  not  calibrated,, 
but  a  careful  examination  revealed  no  appreciable  difference  in  the 
diameter.  Commercial  mercury  was  used,  and  its  specific  gravity 
was  assumed  to  be  13.5.  It  is  believed  that  the  possible  errors,  due 
to  differences  of  diameter  in  the  tubes  of  the  gauges,  or  the  specific 
gravity  of  the  mercury,  are  extremely  small  and  well  within  the 
limits  of  observation. 

Piezometers. — All  piezometers  were  ordinary  ^-in.,  T-handled, 
air-cocks,  screwed  into  holes  tapped  in  the  sides  of  the  pipes  and 
along  their  horizontal  center.  In  wrought-iron  pipes  the  inside  end 
of  the  cock  was  made  flush  with  the  inside  of  the  pipe,  as  nearly  as 
could  be  done  by  measurement  from  the  outside.  The  suction  pipes 
of  the  pumps  on  the  Gamma,  Delta.  Epsilon  and  Zela  are  cast  iron. 
about  1  in.  thick,  and  in  these  the  piezometers  do  not  extend  through 
the  pipe. 

Indicators. — The  mechanical,  or  indicated,  power  developed  by 
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the  engines  operating  the  pvimps  was  obtained  from  cards  taken 
by  high-grade,  steam-engine  indicators,  in  the  visual  manner.  Indi- 
cators were  applied  to  each  cylinder  of  the  engines,  and  cards  were 
taken  from  each  simultaneously.  The  indicators  were  calibrated  at 
the  Tulane  University,  by  Professor  W.  B.  Gregory,  and  found  to  be 
practically  correct.  In  determining  the  power  from  the  cards  they 
were  worked  out  twice  independently  and  checked  by  two  computers. 

Methods  of  Observation. — Measurements  for  determining  the 
capacity  and  efficiency  of  the  pumps  and  the  drop  in  pressure  along 
the  discharge  pipe  were  usually  made  at  the  same  time.  A  Pitot 
tube  was  inserted  in  one  suction  pipe  and  in  the  discharge  pipe  at 
the  same  time.  The  tube  in  the  discharge  pipe  was  placed  at  con- 
siderable distance  from  the  pump,  usually  in  the  first  or  second 
section  of  discharge  pipe  outside  the  dredge,  in  order  to  avoid 
the  effects  of  the  disturbance  existing  near  the  pump. 

None  of  the  dredges  have  suction  pipes  with  straight  pieces  of 
any  considerable  length  between  elbows  and  bends  of  various  sorts, 
and  it  was  impracticable  to  insert  the  tubes  in  these  pipes  beyond 
the  effect  of  these  bends.  For  this  reason  the  velocities  obtained 
in  the  suction  pipes  were  not  used  in  computing  the  results.  A 
piezometer  was  introduced  in  the  suction  pipe  within  4  or  5  ft.  of 
the  flange  on  the  pump,  and  in  the  discharge  pipe  at  various  con- 
venient points  along  its  length. 

Figs.  28  to  33  show  the  general  position  of  the  pumps  and 
arrangement  of  pipe  lines  on  each  dredge,  also  the  points  where 
Pitot  tubes  and  piezometers  were  attached. 

Pitot  tubes  were  connected  to  differential  gauges,  and  piezometers 
to  open  gauges,  already  described.  When  all  was  ready,  the  engines 
operating  regularly,  and  when  the  air  had  been  worked  out  of  the 
tubes  and  gauges,  a  signal  was  given  and  the  gauges  were  read  and 
ten  readings,  comprising  a  set,  were  taken. 

The  mercury  in  the  gauges  connected  with  both  the  Pitot  tubes 
and  the  piezometers,  and  in  both  suction  and  discharge  pipes,  fluctu- 
ated very  rapidly  and  irregularly,  and  through  a  space  of  sometimes 
2  or  3  in.  At  first  glance,  it  seemed  impossible  to  read  the  gauges 
with  any  degree  of  accuracy,  but  by  watching  them  closely  for 
several  moments  it  was  seen  that  there  was  an  approximate  mean 
position  near  which  the  mercury  came  to  rest  at  short  intervals. 
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DREDGE  TESTS;  POSITION  OF  PUMP  AND  ARRANGEMENT 
Or  PIPELINE  ON  THE  DREDGE  (?/l/lf«/1, 1902. 


DISTANCES  FROM 
AFTER  FLANGE  OF  PUMP 
loaV^FT.  TO  PIEZOivlETER 
113  I.  TO  PITOT  TUBE. 
Z1Z3/4,,  TO  PIEZOMETER. 
355^4  11       >'  " 


518  • 
S96. 


END  OF  PIPE. 


Fig.  29. 


DREDGE  TESTS  :  POSITION  OF  PUMP  AND  ARRANGEMENT 
OF  PIPE  LINE  ON  THE  DREDGE  DELTA  1902 


NOTE    :  INSIPE   DIMENSIONS  OF  PIPES 


Fig.  30. 
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DREDGE  TESTS:  POSITION  OF  PUMP  AND  ARRANGEMENT  OF 
PIPE  LINE  ON  THE  DREDGES  EPSILON  AND  ZETA  1902 


Epsilon 

220     FT.  TO  PITOT  TUBE. 


690.    END  OF  PIPE. 


Zeta 

;FT  TO  PIEZOMETER. 
..  TO  PITOT  TUBE. 
,,     TtJ  PIEZOMETER. 


END  OF  PIPE 


Fig.  31. 


DREDGE  TESTS  :   POSITION  OF  PUMP  AND  ARRANGEMENT 
OF. PIPE  LINE  ON  THE  DREDGE /or/4   1902 


'PITOT  TUBE 


3C»3I 


.Z^^ 


""^^^ 


DISTANCES  FROM 
AFTER  FLANGE  OF   PUMP  - 
17S       FT.  TO  PITOT  TUBE 
!23  It  '• 

276V5         TO  PIEZOMETER 
380  "  " 

483!^  .1  " 


Fig.  32. 


662  END  OF 
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For  this  reason  readings  of  the  different  gauges,  during  an  observa- 
tion for  a  set,  were  not  taken  exactly  simultaneously  or  at  regular 
intervals  by  each  observer,  but,  after  the  signal  was  given  each 
observer  made  the  readings  as  rapidly  as  possible,  observing  the 
mean  of  the  fluctuations  as  nearly  as  could  be  judged.  As  each  leg 
of  the  gauge  was  read  from  five  to  ten  times  for  any  one  set  of 
observations,  it  is  believed  that  the  mean  is  correct  within  0.1  in. 

This  method  may  be  open  to  criticism,  but,  after  making  several 
hundred  such  observations  under  varying  conditions,  and  noting 
how  closely  the  mean  readings  agreed  when  the  same  conditions  of 
speed  of  pump,  etc.,  occurred,  even  though  at  different  times,  the 
writer  has  great  faith  in  their  accuracy. 

DREDGE  TESTS  :   POSITION  OF  PUMP  AND  ARRANGEMENT 

OF  PIPE  LINE  ON  THE  DREDGES 

a        KAPPA  AND  HENRy  FLAD  1902       o 


DISTANCES  FROM 
AFTER  FLANGE  OF  PUMP 

KAPPA  HENRf  FLAD. 

177  FT.  PIEZOMBTER^    177   FT.   pnOT  TUBE 
237  "'  237  PIEZOMETEIt 

302  »»  302 

362  "  362 


Fig.  33. 

While  the  gauges  were  being  read,  indicator  cards  were  taken, 
and  the  speed  of  the  pump  and  readings  of  the  steam  gauge  were 
recorded.  The  time  required  for  completing  a  set  of  observations 
was  from  5  to  10  minutes. 

These  observations  were  made  at  different  speeds;  the  limiting 
speeds,  on  one  hand,  being  so  slow  that  experience  in  operation  had 
shown  it  to  be  too  slow  for  economic  operation;  on  the  other  hand, 
the  engines  and  pumps  were  run  as  fast  as  was  thought  expedient 
without  risk  of  injury. 

Reduction  of  Data. — To  obtain  the  actual  amount  of  power  de- 
livered to  the  pumps,  it  would  have  been  very  desirable  to  have 
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ascertained  the  frictional  resistance  of  the  engines  alone  at  the 
different  speeds.  Efforts  were  made  to  do  this,  but  the  results  were 
unsatisfactory,  owing  to  the  difficulty  of  obtaining  satisfactory 
indicator  cards.  None  of  the  automatic  governors  would  hold  the 
engines  down  to  normal  speed  without  load,  and  controlling  the  speed 
by  throttling  resulted  in  very  poor  cards. 

From  such  cards  as  were  obtained,  and  from  a  consideration  of 
the  type  of  engines,  it  was  assumed  that  the  power  supplied  to  the 
pumps  was  92%  of  the  indicated  horse-power.  From  the  writer's 
rather  intimate  knowledge  of  the  engines,  he  knows  of  no  reason 
for  believing  that  the  efficiency  of  the  engines  varies  greatly,  and  it 
is  thought  that  the  relative  efficiencies  are  not  far  from  correct, 
even  if  the  assumed  efficiency  of  the  engines  is  in  error.  In  each 
case  the  combined  efficiency  of  pump  and  engine  is  also  given. 

In  reducing  the  readings  of  gauges  connected  with  piezometers, 
a  correction  was  applied  due  to  the  height  of  the  mercury,  on  the 
pressure  side  of  the  gauge,  above  or  below  the  center  of  the  pipes, 
or,  in  other  words,  all  piezometer  pressures  were  reduced  to  give 
pressures  at  the  horizontal  center  of  the  pipes.  In  the  few  cases 
where  the  impact  and  static  pressure  points  of  Pitot  tubes  were 
connected  to  separate  open  gauges,  the  readings  were  reduced  to 
give  pressures  at  the  point  of  the  tube.  Where,  as  was  usually  the 
case,  the  Pitot  tube  was  attached  to  a  differential  gauge,  there  was 
no  correction  to  be  applied,  due  to  the  position  of  the  gauge,  as  the 
same  correction  would  apply  to  each  side.  There  was  applied,  how- 
ever, a  correction  due  to  the  unbalanced  column  of  water  In  one  leg 
of  the  gauge,  of  a  height  equal  to  the  difference  between  the  heights 
of  the  mercury  in  the  two  legs  of  the  gauge;  i.  e..  the  difference  of 
readings  of  the  height  of  the  mercury  in  the  two  legs  of  the  gauge, 
which  was  apparently  the  height  due  to  the  pressure  being  observed,^ 
was  reduced  by  the  weight  of  an  equal  amount  of  water. 

In  obtaining  suction  and  delivery  head  tbe  suction  head  was 
obtained  from  readings  of  a  piezometer  In  the  suction  pipe  near 
the  pump.  Headings  were  taken  on  one  suction  pipe  only,  It  being 
assumed  that,  on  a  double  suction  pump,  the  readings  on  each  pipe 
would  be  the  same.  Some  experiments  on  the  Epsllon  showed  this 
to  be  practically  true. 

In  determining  the  delivery,  or  discharge,  head.  It  was  "feared 
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that  a  piezometer  placed  close  to  the  pump  might  not  give  true 
pressures,  owing  to  the  violent  disturbances  in  the  flow.  For  this 
reason,  piezometers  were  introduced  in  the  straight  pipe  and  some 
distance  from  the  pump.  The  plotted  line  showing  the  fall  in 
pressure  in  the  pipe  line,  referred  to  later  on,  was  extended  back  to 
the  flange  of  the  pump,  and  this  pressure,  corrected  for  any  actual 
difference  of  elevation  in  the  pipe  between  the  pump  and  first  gauge, 
was  used  for  the  delivery  head. 

In  computing  the  amount  of  work  done  by  the  pump,  the  methods 
of  determining  head  were  the  same  as  described  under  the  discussion 
of  the  computations  for  the  barge  tests. 

In  the  ordinary  tests  of  the  efficiency  of  centrifugal  pumps,  it  is 
usual,  as  far  as  the  writer  knows,  to  measure  the  quantity  of  water 
pumped  and  the  actual  lift,  and  from  these  compute  the  work  done. 
Unless  to  this  quantity  is  added  the  head  due  to  the  friction  in  the 
pipes,  the  efficiency  shown  is  that  of  the  pump  and  pipes.  With 
the  pumps  under  consideration,  the  actual  lift  is  very  small,  on  the 
first  five  dredges  practically  nothing,  while  on  the  others  it  is 
probably  never  more  than  from  3  to  5%  of  the  total  head.  Nearly 
all  the  work  done,  then,  is  expended  in  overcoming  friction  and 
creating  velocity. 

The  writer  can  see  no  reason  to  believe  that,  with  a  given 
velocity  of  discharge,  the  efficiency  of  any  pump  would  differ, 
whether  the  head  pumped  against  was  due  to  actual  lift  or  friction 
in  a  long  pipe,  and  for  this  reason  believes  that  the  results  are 
comparable  with  those  made  in  the  ordinary  way. 

All  measurements  of  velocity  for  determining  capacity  were 
taken  at  the  center  of  the  pipes,  and  it  was  necessary  to  determine 
the  relation  of  center  to  mean  velocity.  This  was  done  by 
"traversing,"'  or  measuring  the  velocity  at  intervals  of  2  in.  across 
the  diameter  of  the  pipe.  This  was  done  in  each  of  the  pipes,  and 
at  the  point  where  velocity  measurements  were  made  for  capacity. 
All  were  made  on  the  vertical  diameters,  except  in  one  instance  on 
the  Iota,  where  both  vertical  and  horizontal  traverses  were  made. 

As  all  bends  in  the  pipes,  in  the  vicinity  of  the  point  of  applica- 
tion of  the  Pitot  tubes,  which  would  affect  the  form  of  the  velocity 
curve,  are  in  a  vertical  plane,  it  is  thought  that  the  curve  along  a 
vertical  diameter  will  indicate  correct  mean  velocities. 
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MAIN    PUMP  OF   DREDGE  EPSILON,    1902 
(O) 


DREDGE  ZETA 

PUMP  CASING  AND  RUNNER  SAME  FORM 
AND  DIMENSIONS  EXCEPT  SHROUD  IS  OMITTED 

r 10%- 


<      S6  00         ^ 


ZERO  LINE  JDF  PflCSSURE  AS  INDICATED 
BY  CALXES  ATTACHED  TO  CASING 
OF  PUMP  IN  POSITION  AS  SHOWN 


Fig.  34. 
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MAIN  PUMP  OF  DREDGEZETA 
SHOWING3,5  AND  7  BLADE 
RUNNERS 


NOTE.  THE  PUMPS  ON  THE 

EFSILONUND  ZETA 

WERE  ORIGINALLY   BUILT 
AS  SHOWN  WITH 


SECTION  OFTIP  OF 
5  BLADE  PUNNER 


V',j"TO  Vs'CLEARANCE 
SAME  OtJ.ALL  RUNNERS 


Fig.  35. 
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MAIN    PUMP   OF    DREDGE    /OTA,   1902 


.ZERO  LINE  OF  SUCTION  AND 
PRESSURE  AS  INDICATED  BY 
GAUGES  ATTACHED  TO  CASING 
OF  PUMP  IN  POSITION  AS  SHOWN 


LINES  OF  PUMP  PRESSURE 


Fig.  36. 
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The  results  of  the  traverses  were  plotted  and  the  mean  velocity 
obtained  by  dividing  the  area  of  the  pipe  into  ten  concentric  rings 
having  equal  areas  and  taking  the  mean  of  the  velocities  at  the 
centers  of  these  rings. 

These  velocity  curves  are  not  reproduced  here  but  may  be  found 
in  Appendix  IF,  of  the  Report  of  the  Chief  of  Engineers  for  1903. 
Each  plotted  value  is  the  mean  of  ten  or  more  observations. 

The  mean  value  of for  all  the  dredges  is  0.8721,  and  varies 

?'  c 

from  0.8008  on  the  Delta  to  0.9711  on  the  Gamma.  This  value  does 
not  seem  to  vary  in  proportion  to  the  velocity  entirely,  but  ia 
probably  affected  by  local  conditions  on  each  dredge.  The  value 
used  for  reducing  center  to  mean  velocities  on  each  dredge  was  the 
value  obtained  on  that  individual  dredge. 


Description  of  Pumps. 

Figs.  22,  23,  24,  34,  35,  36  and  37  show  the  form  and  character- 
istic dimensions  of  the  pumps  on  each  dredge,  and  Figs.  28  to  33 
the  general  layout  of  pumps  and  pipe  lines. 

Dredge  Beta. — The  Beta  has  two  independent  pumps  and 
engines,  which  are  just  alike.  The  one  on  the  port  side  was  tested. 
From  the  suction  head  or  shoe,  the  water  is  conducted  by  three  pipes, 
with  a  diameter  of  19.5  in.,  which  enter  the  bow  of  the  dredge  by 
radial  bends  and  are  joined  in  one  suction  pipe,  33.75  in.  inside 
diameter,  leading  to  the  pump,  where  it  is  again  divided  and  enters 
each  side  of  the  pump.  The  discharge  pipe,  33.25  in.  in  diameter, 
is  attached  to  the  top  of  the  pump,  and,  after  leaving  it,  curves 
toward  the  center  of  the  boat  and  downward.  Beyond  the  dredge 
the  pipes  are  supported  on  pontoons,  and  are  submerged  about  one- 
third.  The  runner  is  an  open  one  having  8  blades,  of  the  Rankine 
form,  or  a  reversed  curve  from  the  hub  to  the  tip.  The  overhead 
discharge  and  form  of  runner  are  the  principal  characteristics  of 
this  pump. 

Dredge  Gamma. — The  pump  on  the  Gamma  has  a  suction  en- 
trance on  each  side,  the  two  suction  pipes  having  an  inside  diameter 
of  24.75  in.,  leading  to  the  shoe,  or  head.  The  inside  area  of  this 
head  is  at  all  points  somewhat  greater  than  the  area  of  the  suction 
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pipes,  and  this  is  the  case  on  all  the  dredges.  The  discharge  pipe 
is  34  in.,  inside  diameter,  and  the  top  is  only  a  few  inches  above 
the  water  line.  The  top  of  the  pipe  is  flattened  down,  a  few  feet 
from  the  pump,  to  just  below  the  water  line,  to  form  a  seal  and 
prevent  the  entrance  of  air  when  priming  the  pump.  ISTear  the 
after  end  of  the  dredge  the  pipe  rises  about  13  in.,  and,  outside  the 
dredge,  it  is  carried  on  pontoons.  The  pipe,  outside  or  beyond  the 
dredge,  is  submerged  about  one-half. 

The  pump  has  an  open  runner  with  4  blades.  The  vortex 
chamber  is  oval  in  cross-section.  The  principal  characteristic  of 
the  pump,  in  distinction  to  others,  is  the  long,  curved  entrance  on 
the  suction  side.  Tn  fact,  this  curve  extends  from  the  flange  of  the 
pump  to  the  tip  of  tlie  runner  blades.  The  clearance  between  the 
runner  blades  and  the  casing  in  this  pump,  and  in  all  others  having 
open  runners,  is  kept  as  small  as  possible,  usually  from  |  to  re"  in. 
The  amount  of  clearance  is  maintained  by  bolting  edge-plates  on  the 
faces  of  the  blades. 

Dredge  Delta. — This  dredge  has  now  the  only  single  suction 
pump  in  use  on  the  dredges  under  discussion.  The  case  is  rec- 
tangular, and  the  blades  on  the  runner  are  rectangular  in  plan  and 
much  wider  than  in  any  of  the  other  pumps. 

The  suction  opening  is  38  in.  in  diameter,  tapering  down  to 
33.75  in.  about  4  ft.  from  the  pump.  This  pipe  branches  into  two 
24.25-in.  pipes  leading  to  the  shoe,  or  head.  Just  outside  the  dredge 
the  suction  pipe  has  two  right-angle  elbows,  the  vertical  joint  be- 
tween them  forming  a  swivel,  about  which  the  head  revolves  when 
being  raised  or  lowered. 

The  discharge  pipe  is  34  in.  in  diameter  inside  the  dredge,  and 
34.5  in.  outside.  The  center  of  the  discharge  pipe  just  beyond  the 
pump  has  about  the  same  elevation  as  the  center  of  the  pump  and 
drops  down  to  about  the  water  surface  before  leaving  the  dredge. 
Outside  the  dredge  the  pipe  is  submerged  about  one-half. 

On  the  drawing  of  the  horizontal  section  of  the  pump  will  be 
noted  four  plotted  pressure  lines.  Holes  were  drilled  into  the  casing 
along  the  horizontal  center  line,  in  the  positions  marked  A.  B,  C, 
Dj  E,  F,  etc.  These  were  tapped  out  and  air-cocks  inserted,  which 
were  connected  with  gauges,  and  the  suction  or  pressure  observed. 

These  observed  pressures  are  plotted  as  shown,  using  the  inside 
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lines  of  the  two  sides  of  the  casing  as  zero  lines,  the  suction  being 
plotted  inside  the  casing,  and  the  pressure  outside. 

The  pressures  at  B,  on  the  ends  of  the  casing,  are  plotted  from 
the  sides  opposite  them.  These  curves  also  appear  on  the  drawings 
of  some  other  pumps,  and  may  be  of  interest  in  studying  the  action 
of  the  pumps,  but  do  not  enter  into  the  present  discussion. 

Dredges  Epsilon  and  Zeta.— The  pumps  on  these  two  dredges 
were  originally  alike,  and  at  present  are  alike  as  far  as  the  casing 
of  the  pump  and  the  arrangemejit  of  the  pipe  lines.  The  pumps 
have  two  suction  pipes,  24  in.,  inside  diameter,  leading  to  the  usual 
head.  The  discharge  pipe  is  32  in.,  nominal  diameter,  and  occupies 
about  the  same  position  in  reference  to  the  water  line  as  on  the 
Gamma. 

The  sides  of  the  casing  are  inclined  toward  each  other,  giving 
tapering  blades  on  the  runner.  The  vortex  chamber  is  elliptical  in 
cross-section.  The  runner  on  the  Epsilon  is  of  the  shrouded,  or 
enclosed  type,  while  on  the  Zeta  it  is  open.  The  drawing  of  the  Zeta's 
pump  shows  also  three  runners  having  3,  5  and  7  blades,  respectively, 
which  were  tested  tmder  as  nearly  the  same  conditions  as  possible 
to  determine  the  effect  of  the  number  of  blades  on  the  efficiency  and 
capacity. 

Dredge  Iota. — The  pump  is  of  the  same  general  form  as  those 
on  the  Epsilon  and  Zeta.  and  has  an  open  runner  with  5  blades. 
The  runner  is  of  larger  diameter,  and,  necessarily,  the  casing  is  of 
greater  size.  The  suction  and  discharge  pipes  are  nominally  of  the 
same  size,  though  varying  somewhat  at  the  point  where  measure- 
ments were  taken.  At  the  stern  of  the  dredge  there  are  two  elbows, 
forming  a  reversed  bend  in  a  vertical  direction.  The  flange  between 
them  forms  a  swivel  joint,  permitting  the  discharge  to  be  turned 
at  any  angle  with  the  axis  of  the  dredge.  These  bends  have  a 
radius  of  2.5  ft.  on  the  center  line.  During  the  tests  their  vertical 
axis  remained  in  the  same  plane. 

After  the  dredging  season  of  1902,  the  runner  on  this  pump  was 
converted  into  one  of  the  enclosed  type  by  attaching  a  shroud,  made 
of  f-in.  steel  plates,  to  the  edges  of  the  blades,  the  same  runner 
being  \ised.  The  efficiency  and  capacity  of  the  pump,  under  the 
changed  conditions,  were  determined,  and  appear  in  Tanle  33. 

Dredges  Kappa,  and  Flad. — These  dredges  have  pumps  made  from 
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0.9641 

8.22 

33.86 

0.93 

43.01 

2.36232.43 

72.5 

78.8 

53.590 

63.5 

1093.0 

1  000-ft.  pontoons. 

7.99 

34.65 

0.93 

43.57 

239765.71 

70.1 

76.3 

54.192 

7.58 

35.02 

0.95 

43.55 

241267.00 

6S.4 

74.3 

54.192 

7.24 

32.14 

0.86 

40.24 

214351.71 

70.0 

76.1 

53.068 

7.08 

31.58 

0.84 

39.50 

206269.00 

71.5 

77.7 

50.880 

5.85 

29.81 

0.72 

36.38 

179689.91 

67.5 

72.9 

45.1605 

68.5 

1093.0 

1  000  ft.  pontoons. 

6.47 

:i3.75 

0.85 

41.07 

21.5140.26 

68.4 

73.9 

47.8700 

7.72 

39.60 

1.00 

48.32 

375719.72 

72.6 

78.4 

51.1819 

7.85 

42.29 

1.01 

50.15 

287578.65 

73.4 

79.3 

51.4830 

8.28 

40.16 

1.02 

49.46 

284469.19 

70.4 

76.0 

53.6873 

6.90 

40.73 

1.15 

48.78 

297908.1 

70.85 

77.0 

54.192 

68.5 

1092.0 

1  000-ft.  pontoons. 

7.13 

41.83 

1.22 

50.18 

314672.4 

74.28 

80.7 

.54.192 

6.13 

37.35 

1.08 

44.. 56 

263814.2 

75.01 

81.5 

50.759 

6.28 

38.22 

1.09 

45.59 

271474.3 

74.14 

80.6 

51.1819 

5.73 

34.46 

0.98 

41.17 

231329.3 

73.87 

80.3 

47.4115 

6.86 

41.03 

1.10 

49.05 

300721.2 

70.79 

76.9 

54.192 

6.. 56 

39.17 

1.13 

46.86 

283517.5 

73.27 

79.6 

52.566 

9.74 

26.55 

0.60 

36.89 

2.30864.63 

62.9 

72.4 

49.4147 

1.0181 

56.0 

668.0 

" 

10.71 

31.75 

0.70 

43.16 

281721.82 

62.6 

72.2 

53.9963 

1.0086 

10.68 

31.  a5 

0.72 

43.25 

286:^8.08 

63.7 

73.3 

53.9963 

1.0090 

500-ft.  pontoons. 

10.77 

31.89 

0.71 

43.28 

284795.84 

63.3 

73.0 

53.9963 

1.0099 

("Open  runner. 

10.79 

33.80 

0.77 

45.36 

309711.52 

64.9 

74.0 

54.978 

1.0092 

11.22 

33.70 

0.77 

45.69 

312(J65.44 

65.4 

74.6 

54.978 

1.0137 

18.35 

30.91 

0.66 

43.92 

2896.52.40 

65.9 

71.6 

54.324 

56.0 

662.0 

) 

12.48 

31.16 

0.93 

44.57 

345918.91 

76.4 

83.0 

54.978 

V  Shrouded  runner. 

12.41 

30.96 

0.91 

44.28 

337211.57 

76.1 

82.7 

54.978 

i 

10.70 

26.19 

1.53 

38.42 

261623.29 

71.8 

77.5 

43.9826 

1.1303 

54.0 

392.0 

240-ft  pontoons. 

11.22 

2S.07 

1.69 

40.98 

2939.57.32 

71.7 

T7.4 

45.0820 

1.1388 

11.72 

2S.44 

1.74 

41.9-0 

304531.71 

69.7 

75.3 

46.1815 

1.1241 

11.72 

28.44 

1.74 

41.90 

304256.85 

69.3 

74.8 

46.1815 

1.1241 

11.90 

28.81 

1.81 

42.. 53 

315472.03 

70.1 

75.7 

46.5480 

1.12.35 

12.23 

28.82 

1.83 

43.87 

318840.05 

68.6 

74.1 

47.2811 

1.1106 

12.75 

29.05 

1.87 

43.67 

3292C9.18 

67.5 

72.9 

48.  .3800 

1.0954 

12.91 

29.35 

1.89 

44.18 

.337902.33 

66.3 

71.6 

48.7472 

1.0936 

9.19 

26.91 

0.83 

36.93 

190526.67 

64.4 

69.5 

42.149K 

1.1.563 

54.0 

642.0 

480  ft.  pontoons. 

9.19 

26.91 

0  83 

.30.93 

190.5:36.67 

66.4 

71.7 

42.1498 

1.1.563 

9.78 

29.35 

1 .05 

40.08 

234367.80 

72.1 

77.9 

43.9826 

1.1544 

10.78 

30.32 

1.09 

42.19 

3502.55.47 

71.6 

77.3 

46.1815 

1.1280 

11.30 

29.  H7 

l.OS 

42.25 

350109.44 

70.4 

76.0 

47.2811 

1.1026 

11. .30 

39.21 

1.10 

42.64 

354635.42 

71.8 

77.5 

47.3811 

1.1076 

11.64 

35.00 

1.37 

48.01 

321172.02 

74.6 

80.6 

48.0141 

1.1574 

11.14 

31.95 

1.15 

44.24 

270444.87 

70.1 

75.7 

46.9146 

1.1370 
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the  same  drawings.  The  casings  are  rectangular  in  section.  The 
runners  are  enclosed,  or  shrouded,  have  5  blades,  and  are  larger  in 
diameter  than  any  except  the  Delta.  The  discharge  and  suction 
pipes,  and  the  arrangement  are  the  same  as  on  the  Iota. 

Results. — Table  33  gives  the  data  and  results  of  the  tests  just 
described,  and  it  is  thought  that  the  column  headings  explain  their 
significance. 

Fig.  38  shovFS  the  vpork  done  and  the  efficiency  of  engines  and 
pumps  at  the  various  peripheral  velocities  covered  by  the  experi- 
ments. 

Table  34  shows  the  extreme  range  in  peripheral  velocity  with 
each  pump,  with  the  efficiencies  and  capacities  corresponding  to 
these  speeds. 


TABLE  34. 


Dredge. 

Ran^e  in 

peripheral 

velocity. 

6 
■J 

Mean  efficien- 
cies at 

extremes  of 
speed. 

Ensrine  and 
pump. 

.'  bsj 

S$ 
2-1  a 

O 

4-4.0 
—1.3 
—1.2 
-4.3 
—2.3 
+2.9 
—1.9 
+2.2 
-5.5 
+9.2 

Mean  capacity. 

in   thousands 

of  foot-pound? 

per  second, 

at  extreme 

speeds. 

Beta 

42.88  to  49.81 
42.75  to  50.27 
44.71  to  45.44 
47.56  to  54.49 
50.88  to  54.19 
45.16  to  52.68 
47.41  to  54.19 
49  41  to  54.98 
43.98  to  48.74 
42.15  to  48.01 

16 
17 

1 
14 

6 
17 
14 
11 
10 
14 

51.5  to  55.5  • 
66.1  to  64.8 
56.5  to  .5i.3 
73.9  to  69.6 
71.5  to  69.2 
67.5  to  70.4 
73.9  to  72.0 
62.9  to  65.1 
71.8  to  66.3 
65.4  to  74.6 

208.7  to  336.9 
10!S.2  to  163.1 
229.0  to  938.5 
239.0  to  333.7 
206.3  to  240.4 
179.7  to  284.5 
231.3  to  304.4 
2.30. S  to  310.8 
261.6  to  337.9 
190.5  to  321.2 

61 

50 

Delta 

4 

Kpsilon 

39 

Zeta  (3-bladei 

Zeta  (.5-blade) 

Zeta  (7-biade) 

Iota 

11 
57 

29 

Henry  Flad 

68 

Extreme 

43.15  to  54.98 

30 

55.3  to  74.6 

19.03 

108.2  to  337.9 

212 

It  will  be  noted,  on  Fig.  38,  that  the  efficiencies  at  the  extreme 
speeds  do  not  cover  the  highest  efficiencies  on  the  Gamma,  Zeta  or 
Epsilon.  though  they  do  on  the  Beta,  Iota,  Kappa  and  Flad. 

On  the  Gamma,  Delta,  Epsilon,  Zeta  (with  3-  and  7-  bladed 
runners)  and  Kappa  the  efficiencies  have  decreased  with  higher 
speeds,  while  with  the  Beta,  the  Zeta's  .5-bladed  runner,  the  Iota 
and  the  Flad  the  efficiencies  have  increased.  If  the  efficiency  at  the 
lowest  speed  on  the  Flad  be  omitted,  there  is  very  little  variation 
in  the  efficiencies  of  any  one  pump  at  the  speeds  covered.     The 
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work  done,  or  capacity  of  the  pump,  with  one  exception  only,  ha3 
increased  to  a  very  marked  degree  to  the  maximum  speed,  with  no 
indication  that  the  speed  for  maximvim  capacity  has  been  reached. 

On  the  Beta  the  capacity  was  increased  61%  with  an  increase 
of  speed  of  16%  and  an  increase  of  4%  in  efficiency. 

On  the  Gamma  the  capacity  was  increased  50%  with  an  in- 
crease of  speed  of  17%  and  a  difference  of  only  1.3%  in  efficiency, 
on  the  Epsilon  an  increase  of  speed  of  14%  has  increased  the 
capacity  39%,  with  a  decrease  of  only  4.3%  in  efficiency;  on  the 
Zeta,  with  a  5-bladed  runner,  an  increase  of  speed  of  1Y%  has  in- 
creased the  capacity  5Y%,  with  an  increase  of  less  than  3%  in 
efficiency,  while,  with  the  7-bladed  runner,  an  increase  of  speed  of 
14%  has  been  followed  by  an  increase  of  32%  in  capacity;  on  the 
Iota,  Kappa  and  Flad  an  increase  of  speed  of  11,  10  and  14%  has 
increased  the  capacities  34,  29  and  6S%,  respectively. 

On  the  whole  series  of  experiments,  leaving  out  only  the  Beta 
and  Delta,  whose  efficiencies  are  so  much  lower  than  the  others  as 
to  be  quite  marked,  the  whole  range  of  speed,  from  about  42  to  55 
ft.  per  sec,  or  30%  increase,  has  been  followed  by  an  extreme  range 
of  efficiencies  of  from  64.8%  to  73.9%,  or  only  about  10%,  while 
the  range  in  capacities  is  more  than  200%  of  the  lowest. 

Evidently,  then,  regarding  mechanical  efficiency  alone,  speed, 
within  reasonable  limits,  makes  very  little  difference,  but,  to  obtain 
the  maximum  output  from  the  plant,  the  pumps  should  be  run  at 
as  high  speed  as  is  practicable.  This  feature,  when  the  pump  is 
used  for  dredging,  is  important  in  more  than  one  way:  At  a  high 
speed  the  velocity  through  the  pipes  is  higher,  and  as  velocity,  in 
a  hydraulic  dredge,  is  the  only  vehicle  of  transportation,  it  would 
seem  that,  within  certain  limits,  the  proportion  of  sand  to  water, 
or  sand-carrying  capacity,  will  increase  with  the  velocity,  and  not 
only  a  larger  volume  of  a  mixture  of  sand  and  water  will  be  moved 
in  a  given  time,  but  the  proportion  of  sand  in  this  volume  will  be 
greater. 

The  writer  realizes  that  as  soon  as  he  ventures  to  draw  con- 
clusions and  express  opinions  he  lays  himself  open  to  criticism, 
and  it  has  been  the  desire  to  present  the  facts  of  observations  and 
results  and  allow  those  who  are  interested  to  draw  their  own  con- 
clusions.    In  order  to   invite  discussion,   certain  comparisons   will 
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be  made,  and  opinions  expressed  as  to  the  causes  of  differences  in 
results. 

From  Table  33  and  Fig.  38  are  found  the  mean  efficiencies  of 
engines  and  pumps  at  what  may  be  called  normal  speeds,  as  in 
Table  35. 

TABLE  35. 


Dredge. 


Beta 

Oamma 

Delia 

Epsilon 

Zeta  (3-blade!.. 
Zeta  (5-blade). . 
Zeta  v7-blade). . 

Iota 

Iota  (shrouded) 

Kappa  

Henry  Flad 


Speed,  in 

revolutions  per 

minute. 


\Z2  to  136 
1.53  to  167 
122  to  124 
lt)5  to  180 
l(i9  to  180 
165  to  18n 
165  to  180 

165  to  168 

166  to  168 
129  to  131 
129  to  131 


Mean  capacity, 
in  feet  pounds 
per  second. 


311  000 
146  000 
235  000 
308  000 
220  000 
275  000 
279  000 
297  000 
.315  000 
.322  500 
287  500 


In  the  preparation  of  Table  35  there  is  room  for  a  wide  differ- 
ence of  opinion  as  to  what  speeds  should  be  included  as  "normal," 
and  on  this  decision  will  also  depend  the  given  normal  efficiencies 
and  capacities.  The  speeds  given  are  those  used  in  ordinary  opera- 
tion, except  for  the  Epsilon  and  Zeta,  which  might  possibly  be  nar- 
rowed down  to  speeds  between  170  and  180,  but  the  relative  results 
would  not  vary  greatly. 

On  the  Kappa  and  Flad,  in  explanation  of  the  limiting  speeds, 
they  are  limited  to  129  and  131  because,  ordinarily,  the  dredges  are 
operated  at  from  130  to  135  rev.  per  min.  The  efficiency  of  the 
Flad  is  taken  from  the  plotted  curve  of  efficiencies,  rather  than  from 
the  single  high  efficiency  given  for  the  higher  speed. 

Number  of  Blades  on  the  Runner. — The  most  advantageous 
number  of  blades  that  an  impeller  should  have  has  been  the  subject 
of  considerable  discussion  and  of  equal  difference  of  opinion.  To 
throw  some  light  on  this  subject  three  runners  were  tested  in  the 
pump  on  the  Zeta,  having  3,  5  and  7  blades,  respectively. 

By  testing  the  different  runners  in  the  same  pump  under  the 
same  conditions,  much  more  reliable  comparisons  can  be  made  than 
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if  they  had  been  tested  in  different  pumps,  and  the  writer  presents 
these  tests  with  considerable  confidence  in  their  reliability  and  in 
the  conclusions  to  be  drawn  from  them.  All  were  open  runners  and 
all  had  about  the  same  clearance  with  the  casing;  i.  e.,  from  I  to 
1-6    in. 

Referring-  to  Table  35,  note  that  the  mean  efficiency  was  70.5, 
71.8  and  73.5%  with  the  3,  5  and  7  blades,  respectively,  an  extreme 
variation  of  only  3% ;  or,  practically,  within  these  limits,  the 
number  of  blades  has  very  little  effect  on  efficiency. 

Referring  to  capacity,  however,  that  of  the  3  blades  is  220  000 
f t.-lb.  per  sec,  as  against  275  000  and  279  000  with  5  and  7  blades ; 
an  increase  of  25%  with  5  blades  and  of  nearly  27%  with  a  runner 
having  7  blades.  The  same  arguments  for  high  speed  would  seem 
to  apply  to  runners  with  the  larger  number  of  blades.  The  fact 
that  the  difference  between  the  runners  with  5  and  7  blades,  both 
in  efficiency  and  capacity,  is  small,  would  seem  to  indicate  that  7 
blades,  if  made  of  the  form  and  size  of  those  under  consideration, 
is  about  the  limiting  number.  It  would  be  difficult,  if  not  impos- 
sible, to  make  a  runner  with  more  blades,  of  sufficient  strength 
to  withstand  the  rough  work  of  dredging,  without  contracting  seri- 
ously the  available  area  for  entrance  at  the  hub  of  the  pump. 

Comparison  of  Barge  Tests  of  1896-98  and  Tests  of  1902. 

It  must  be  borne  in  mind  that  all  the  barge  tests  were  made, 
primarily,  to  determine  the  capacity  of  the  pumps  while  handling 
sand,  and,  usually,  to  determine  the  maximum  capacity.  With  the 
exception  of  the  tests  on  the  Alpha j  all  these  tests  were  made  to 
ascertain  whether  the  contract  requirements  as  to  capacity  had  been 
complied  with.  The  pumps  were  operated  at  their  maximum  speed, 
which  was  considerably  higher  than  the  possible  working  speed,  and 
usually  considerably  higher  than  the  speeds  reached  in  the  tests 
of  1902. 

The  time  occupied  in  any  one  test  was  very  short,  usually  less 
than  2  min.,  while  one  set  of  observations  in  1902  covered  from 
5  to  10  min.,  and  the  whole  series  covei-ed  a  period  of  several  houi-s ; 
fortunately,  however,  the  barge  tests  cover  quite  a  large  number 
of  observations  on  each  dredge  at  practically  the  same  speeds,  and 
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it  is  believed  that  the  mean  results  represent  very  closely  the  actual 
averag-o  conditions. 

Unfortunately,  o\\ing  to  the  fact  that  existing  conditions  were 
not  the  same  during  the  different  tests,  the  results  of  the  barge 
tests  and  those  of  1902  cannot  be  compared  rigidly. 

In  some  instances  the  pumps  had  been  remodeled,  in  others  the 
length  of  discharge  pipe  used  was  not  the  same,  or  the  speed  of  the 
pumps  was  widely  different. 

The  following  few  comparisons  are  submitted : 

The  Gamma  has  the  same  pump  and  engine  as  supplied  originally, 
the  only  changes  that  have  been  made  are  those  necessary  to  keep 
it  in  repair.  The  length  of  discharge  pipe  was  widely  different 
in  the  two  tests,  so  that  velocity  and  head  cannot  be  compared,  but 
the  mean  efficiency  of  the  p\imp  and  engine  with  the  barge  tests 
is  67.6%  as  against  65.8%  in  1902,  a  difference  of  less  than  2 
per  cent. 

On  the  Delta  the  speeds  during  the  two  tests  vary  widely,  and 
the  efficiencies  in  1902  are  much  lower. 

On  the  Epsilon  the  pimip  has  been  rebuilt. 

The  Zeta,  with  the  7-bladed  runner,  in  1902  gives  the  best  com- 
parison with  the  barge  tests.  In  this  instance  conditions  were 
very  nearly  the  same.  The  pump  was  the  same,  except  for  some 
variations  due  to  wear;  the  length  of  the  discharge  pipe  was  nearly 
the  same,  end  nearly  the  same  speeds  were  covered. 

The  mean  velocity  in  the  discharge  pipe,  at  180  rev.  per  min.,  in 
1902,  was  17.67  ft.  per  sec,  while  the  mean  velocity  at  180  and  181 
rev.  in  the  barge  tests  was  17.15;  the  mean  total  heads,  in  feet  of 
water,  at  these  speeds  was  49.33  and  46.65,  respectively.  The  mean 
efficiency  of  the  pump  and  engine,  with  the  barge  tests  was  72.24, 
while  with  the  tests  of  1902  it  was  73.17. 

These  comparisons  are  not  entirely  conclusive,  but  when  it  is 
remembered  that  the  tests  were  several  years  apart,  made  by  entirely 
different  observers  and  by  radically  different  methods,  they  tend,  in 
the  writer's  opinion,  to  give  additional  confidence  in  the  results  of 
both  series  of  tests. 

Comparison  of  Pumps. 

Nearly  all  the  pumps  tested  differ  in  more  than  one  particular 
in  design,  and  it  is  difficult  to  point  with   assurance  to  any  one 
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feature  as  being  the  one  which  affects  efficiency  to  the  greatest 
extent. 

The  pumps  on  the  Epsilon  and  Zeta,  with  5  blades,  are  identical, 
with  the  exception  that  the  runner  on  the  former  is  closed,  or 
shrouded,  and  that  on  the  latter  is  not.  Reference  to  Table  33  and 
Fig.  38,  shows  that  the  mean  eificiency  is  almost  identical  with  each, 
but  the  capacity  is  about  12%  greater  with  the  shrouded  runner. 
This  added  capacity,  owing  to  the  runner  being  enclosed,  is  to  be 
expected,  as  there  is  no  spilling  over  the  edges,  or  "slip." 

The  greatest  advantage  of  the  closed  runner,  however,  lies  in 
the  decreased  wear  of  the  edges  of  the  blades  and  casing,  which  is 
a  very  serious  matter  on  the  pumps  handling  sand  or  gravel.  The 
amount  of  this  wear  in  the  pumps  on  the  Gamma,  Epsilon  and  Zeta 
has  been  described  in  a  paper*  by  the  writer.  Briefly,  it  was  found 
that  on  the  Epsilon,  after  a  little  more  than  1  000  hours'  dredging, 
the  casing,  which  was  of  good  cast  iron,  originally  with  a  thickness 
of  about  2  in.,  had  been  worn  entirely  through.  The  edges  of  the 
runner  blades  were  worn  off  nearly  1  in.  This  excessive  clearance, 
of  course,  would  decrease  the  efficiency  very  materially. 

It  will  be  noted  that  the  efficiency  of  the  Gamma  is  from  5  to  6% 
lower  that  that  of  the  Epsilon  or  Zeta,  while  the  capacity  is  less  than 
half  of  either.  As  noted  above,  the  principal  characteristic  of  the 
pumi)  is  that  its  sides  are  curved  from  the  suction  opening  to  the 
tips  of  the  blades  of  the  runner  and  that  the  runner  has  4  blades. 

From  the  foregoing  comparison,  it  is  evident  that  this  curve 
does  not  possess  any  advantage,  and  it  is  certainly  much  more 
expensive  to  make  and  maintain  in  repair.  From  experiments  made 
on  the  Zeta,  it  is  evident  that  the  number  of  blades  does  not  affect 
the  efficiency,  though  it  does  affect  the  capacity. 

The  efficiency  of  the  pumps  on  the  Beta  is  about  10%  less  than 
those  on  the  Gamma,  and  from  15  to  18%  less  than  those  on  the  other 
dredges,  except  the  Delta.  The  principal  characteristics  of  the 
pump  are  shown  on  Fig.  22,  and  it  will  be  noted  that  the  principal 
differences  between  it  and  the  others  lie  in  the  overhead  discharge 
and  the  form  of  runner.  The  writer  does  not  venture  an  opinion 
as  to  which  feature,  if  either,  causes  the  low  efficiency. 

The  Delta  has  the  only  single  suction  pump  now  in  use  on  these 

*Jonriinl  of  the  Association  of  Eugineering  Societies,  May.  1900. 
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dredges,  though  both  pumps  used  on  the  Alpha  had  single  suction 
openings. 

Fig.  24  shows  the  characteristics  and  dimensions  of  the  Delta's 
pump,  and  it  will  be  noted  that  the  blades  of  the  runner  are  much 
wider  than  on  the  other  pumps.  The  writer  cannot  see  any  reason 
why  the  latter  feature  should  affect  the  efficiency,  though,  at  the 
same  peripheral  velocity,  it  should  increase  the  capacity,  and  that 
this  is  true  seems  to  be  indicated  by  the  results  shown  in  Fig.  38. 
It  is  perhaps  unfortunate  that  the  observations  with  this  pump  do 
not  cover  a  wider  range  of  speed,  but  the  writer  has  confidence  in 
the  results  obtained,  and  there  is  no  indication,  from  the  results 
obtained  with  the  other  pumps,  that  the  efficiency  would  have 
been  increased  materially  with  higher  speeds. 

This  statement  may  not  be  true  for  this  pump,  as  it  is  noted 
that  in  the  barge  tests  an  average  speed  of  151  rev.  gave  an  average 
efficiency  of  65.1%  for  the  engine  and  pump.  Taking  the  mean  of 
the  efficiencies  for  this  pump  as  obtained  in  1897  and  1902  as  60.5%, 
it  is  still  lower  than  any  other  except  the  Beta.  The  average 
efficiency  of  the  engine  and  Edwards  and  Morris  pumps  on  the 
Alpha,  which  were  both  single  suction  pumps,  was  60.4  and  61.3%, 
respectively.  From  these  results  the  conclusion  would  seem  to 
be  inevitable  that  the  decreased  efficiency  is  due  to  the  single  suction 
opening  and  the  consequent  unbalanced  thrust  on  the  shaft,  which 
must  be  taken  up  in  a  thrust  bearing. 

The  writer  is  aware  that  certain  manufacturers  of  centrifugal 
pumps  object  strongly  to  building  them  with  double  suction  open- 
ings, but  in  the  light  of  the  foregoing  tests  and  a  practical  experi- 
ence in  the  operation  of  both  types,  the  writer  favors  very  strongly 
a  pump  having  a  suction  opening  on  each  side. 

The  Iota,  with  an  open  runner,  does  not  compare  very  favorably 
with  the  Zeta  in  efficiency,  though  the  pumps  are  of  the  same  general 
form,  differing  only  in  size.  The  writer  can  see  no  reason  for  this, 
except  that  the  clearance  between  the  edges  of  the  runner  blades 
and  the  casing  may  have  been  somewhat  greater  on  the  Iota  than 
on  the  Zeta.  The  results  with  the  closed  runner  corroborate  the 
conclusions  reached  by  comparing  the  Epsilon  and  Zeta.  In  this 
case  the  addition  of  the  shroud  has  been  followed  by  an  increase 
of  efficiency  of  more  than  8%  and  an  increase  of  6%  in  capacity. 
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It  will  be  noted,  in  comparing  the  Epsilon  and  Iota,  with  shrouded 
runners  which  are  of  the  same  general  form  except  as  to  size,  that 
the  efficiencies  do  not  vary  greatly. 

The  Kappa  and  Flad  have  pumps  just  alike,  and  are  the  latest 
built  for  use  on  this  work.  They  were  made  from  detailed  drawings 
prepared  in  the  office  of  the  Commission.  The  pumps  on  the 
dredges  mentioned  previously  were  furnished  by  the  contractors  who 
built  the  dredges,  and  under  specifications  requiring  that  they  should 
have  a  certain  given  capacity. 

The  characteristics  of  the  pumps  are:  Enclosed  runners,  with 
blades  rectangular  in  plan  and  of  considerably  greater  width  than 
the  others;  the  vortex  chamber  rectangular  in  cross-section,  having 
the  same  width  as  the  runner.  The  casing  is  lined  throughout  with 
renewable  liners  of  very  simple  shape. 

Apparently,  they  have  an  efficiency  slightly  lower  than  the 
Epsilon,  Zeta  and  Iota,  with  the  tapering  blades  and  curved  vortex 
chambers,  but  this  very  slight  loss  in  efficiency  is  very  much  more 
than  counterbalanced  by  the  cheaper  form  of  construction  and 
greater  ease  and  less  expense  in  making  repairs  due  to  wear  alone. 
For  use  in  dredging,  the  writer  believes  that  they  possess  great 
advantages  over  any  of  the  others  mentioned,  though  it  is  possible 
that  for  pumping  water  alone  a  pump  designed  on  finer  theoretic 
lines  might  have  a  slightly  higher  efficiency. 

Comi^aring  the  two  pumps,  it  will  be  noted  that  the  efficiencies 
are  very  nearly  the  same,  differing  by  only  1.7%;  the  capacity  of 
the  Kappa,  however,  was  10%  greater  than  that  of  the  Flad,  and 
the  difference  was  even  greater  than  that  at  the  lower  speeds. 

The  writer  ventures  the  following  opinion  as  to  the  cause  of 
this  difference.  The  Kappa  had  240  ft.  of  discharge  pipe  beyond 
the  dredge  and  (Table  33)  at  1'29  rev.  created  a  mean  velocity 
of  about  21.5  ft.  per  sec.  against  a  total  head  of  42.9  ft.,  while  the 
Flad,  with  480  ft.  of  discharge  pipe,  at  the  same  speed,  created  a 
velocity  of  only  about  17  ft.  per  sec.  though  the  total  head 
was  only  about  0.5  ft.  less  than  on  the  Kappa.  It  seems  to 
the  writer  that  this  indicates  that  a  centrifugal  pump  is  capable  of 
doing  more  work  by  creating  velocity  than  by  overcoming  a  head 
due  either  to  an  actual  lift  or  to  friction  in  the  pipe.  It  is  possible 
that  this  difference  would  not  have  been  as  marked  at  higher 
peripheral  velocities. 


DREDGING   ON   THE   MISSISSIPPI   RIVKH.  453 

An  inspection  of  the  results  of  the  barge  tests  of  the  Alpha, 
where  different  lengths  of  discharge  pipe  were  used  with  the  same 
pump,  seems  to  corroborate  the  observations  on  the  Kappa  and  Flad. 
With  the  Edwards  pump,  with  604  ft.  of  discharge  pipe,  the  efficiency 
was  55.7%,  while  with  1  059  ft.  it  was  52.1  per  cent.  The  work  done 
with  the  longer  pipe  is  10%  less  than  with  the  short  pipe,  though  the 
speed  of  the  pump  was  much  greater  in  the  last  instance. 

The  Loss  of  Head  Due  to  Friction  in  Pipes. 

An  inspection  of  Table  33  shows  that  the  delivery  head  is 
a.  very  large  proportion  of  the  total  head  against  which  the  pump 
was  working,  amounting  on  the  Gamma,  Delta,  Epsilon  and  Zeta, 
with  discharge  pipes  running  nearly  horizontal  from  the  pumps,  to 
from  65  to  60%  with  500  ft.  of  floating  pipe  and  from  70  to  75% 
with  1  000  ft.  of  floating  pipe.  On  the  Iota,  Kappa  and  Flad,  this 
proportion  is  from  60  to  75%,  but  on  these  dredges  the  delivery 
head  includes  an  actual  lift  of  about  5  ft.  at  the  stern  of  the  dredge, 
as  well  as  the  loss  by  friction.  The  drop  in  pressure  along  the  pipe 
line  was  determined  by  inserting  piezometers  at  various  points,  as 
already  described,  and  by  simultaneous  readings  on  gauges  connected 
with  them. 

These  readings,  corrected  for  the  position  of  the  gauges  above 
or  below  the  center  of  the  pipes,  are  plotted  in  Plate  XXXVII.  The 
location  of  the  piezometers  and  the  arrangement  of  pipes  have  been 
referred  to  in  Figs.  28  to  33. 

On  the  diagrams  showing  the  drop  in  pressure  on  all  the  pipes 
except  the  Beta,  the  loss  includes  the  loss  at  the  joints  connecting 
the  several  sections  of  pipe.  These  connecting  joints,  on  the  first 
six  dredges,  are  short  pieces  of  rubber  hose  which  slip  over  the  ends 
of  the  adjacent  sections  of  pipe.  On  the  pipe  belonging  to  the 
Kappa  and  Flad  the  connections  are  ball  and  socket  joints,  secured 
so  as  to  allow  a  deflection  of  about  20°  on  either  side  of  the 
center  line. 

On  the  diagram  of  the  loss  on  the  Beta's  pipe,  the  drop  between 
Gauges  F  and  A  and  K  and  B  represents  the  loss  in  the  straight 
pipe  alone.  The  distance  between  the  gauges  was  84  ft.  in  each 
case.     The  pipe  is  of  wrought  iron,  l  in.  thick,  33  in.  inside  diameter. 
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It  is  made  up  in  rings  about  5  ft.  in  length,  and  all  rivets  are 
countersunk  on  the  inside.  The  lap  of  the  rings  is  in  the  direction 
of  the  current,  and  the  pipe  is  perfectly  smooth  and  bright  on  the 
inside,  due  to  the  action  of  the  sand  pumped  through  it. 

The  loss  of  head  between  these  gauges  is  expressed  numerically 
in  Table  36. 


TABLE 

36. 

Mean  velocity, 

in  feet,  per 

second. 

Loss,  in  inches  of  mercury. 

Mean  loss,  in 

feet  of  water 

for  84  feet  of 

pipe. 

f  _  h  d2g 

Fto  A. 

KtoB. 

V^     L 

18.0 
19.2 
19.4 
20.8 
21.4 
21.7 

2.25 
2.64 
3.08 
3.79 
3.10 
3.13 

2.10 
2.08 
2.27 
2.46 
2.70 
2.46 

2.446 
2.655 
3.009 
3.953 
3.262 
3.144 

0.0146 
0.0139 
0.0154 
0.0132 
0.0138 
0.0129 

The  results  are  not  conclusive,  as  it  is  realized  that  the  number 
of  observations  is  limited,  but  they  are  presented  as  a  possible  small 
addition  to  the  knowledge  concerning  the  flow  of  water  through 
iron  pipes. 

On  the  Beta,  Gamma,  Delta  and  Zeta  the  drop  in  pressure  from 
the  stern  of  the  dredge  to  the  end  of  the  pipe  line  is  fairly  uniform, 
though  the  lines  on  the  Beta  are  not  as  smooth  and  uniform  as  on 
the  others.  On  the  Gamma  and  Delta  the  drop  in  pressure  between 
the  last  gauge  inside  the  dredge  to  the  first  one  on  the  pontoons  is 
not  in  line  with  the  ones  on  the  pontoon  line,  owing  to  the  complica- 
tions of  an  actual  lift  of  13  in.  on  the  Gamma  and  a  drop  on  the 
Delta,  apd  also  a  change  in  the  diameter  of  the  pipe. 

The  Iota,  Kappa  and  Flad  show  interesting  indications  of  the 
effect  of  short,  abrupt  bends  on  the  loss  of  head.  On  each  of  these 
dredges  there  is  a  reversed  bend  at  the  stern  of  the  dredge,  the 
effect  of  which  is  shown  in  the  drop  between  the  last  gauge  on  the 
dredge  and  the  first  one  on  the  pontoons.  This  drop,  on  the  Iota, 
is  from  9.5  to  12  in.  of  mercury;  this  amount  may  be  partly  ac- 
counted for  by  an  absolute  lift  of  5  ft.,  or  4.4  in.  of  mercury,  and 
a  drop  of  about  2.8  in.,   due  to  the  horizontal  distance  between 
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gauges,  leaving  a  loss  of  head,  due  to  the  bends,  of  from  2.3  to  4.8 
in.  of  mercury,  or  from  about  10  to  16%  of  the  total  delivery  head. 

On  the  Kappa,  with  a  shorter  discharge  pipe,  the  effect  of  the 
short  bends  is  more  marked,  the  net  loss  being  7.1  in.,  or  25%  of 
the  total  delivery  head.  On  the  Flad  this  loss  amounts  to  about 
2.4  in.,  or  a  little  less  than  10  per  cent. 

There  is  also  shown  the  increase  in  the  suction  due  to  the 
reversed  curves  in  the  suction  pipe  of  the  Delta.  In  this  case,  the 
pipe  on  each  side  of  the  curves  was  about  on  the  same  level,  as  the 
bends  are  horizontal.  The  difference,  then,  of  about  7  in.  of  mercury, 
or  more  than  50%  of  the  total  suction  head,  is  nearly  all  due  to  the 
bends.  It  does  not  seem  to  require  any  further  argument  as  to  the 
undesirability  of  short  bends  in  the  pipes. 

The  upper  line  on  the  diagram  of  the  loss  of  pressure  on  the 
Flad  shows  the  additional  load  caused  by  deflecting  the  pipes,  at 
each  joint,  to  the  limit  of  their  throw,  about  20°,  indicating  that 
the  loss  due  to  slight  bends,  all  in  the  same  direction,  is  not  great. 

It  will  be  noted,  on  the  diagrams  showing  the  loss  of  pressure 
on  the  Iota,  Kappa  and  Flad,  that  the  point  of  zero  pressure  is  at 
the  last  gauge,  or  about  30  ft.  from  the  end  of  the  pipe,  instead  of 
at  the  end  of  the  pipe,  as  would  be  expected.  This  is  also  true  on 
the  Beta  at  a  gauge  which  happened  to  be  18  ft.  from  the  end.  On 
the  first  three  the  discharge  pipe  is  entirely  above  water;  on  the 
latter  the  discharge  pipe  is  submerged  about  one-third. 

An  explanation  of  this  fact  is  not  attempted  by  the  writer  at 
present,  but  that  it  was  a  fact  on  all  four  dredges  is  beyond  doubt, 
as  the  observations  were  tested  in  various  ways. 

When  the  piezometer  was  connected  to  the  ordinary  mercury 
gauge  it  showed  no  pressure  or  suction ;  occasionally  the  mercury 
would  fluctuate  from  0.05  in.  above  zero  to  an  equal  distance  below. 
The  mercury  was  then  poured  out  of  the  gauge  and  it  was  filled 
with  water  to  the  height  of  the  piezometer,  and  it  still  showed  no 
pressure  and  no  suction,  though  the  water  in  the  glass  would 
fluctuate  occasionally  0.5  in.  above  or  below  the  zero. 

The  gauges  were  then  removed  and  the  air-cock  unscrewed  from 
the  hole  in  the  pipe.  This  hole  is  0.5  in.  in  diameter;  but,  although 
it  was  on  the  horizontal  center  of  a  32-in.  pipe  flowing  entirely  full 
and  at  a  mean  velocity  of  from  14  to  21  ft.  per  sec,  no  water  carae 
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out  except  occasionally  a  few  drops,  which  seemed  to  be  caught  on 
the  down-stream  edge  of  the  hole  and  thrown  out.  This  observation 
was  made  on  each  of  the  four  dredges  mentioned;  how  far  from  the 
end  of  the  pipe  the  condition  of  no  pressure  extended  was  not 
determined.  This  was  only  true  when  the  pipes  were  flowing  en- 
tirely full  at  the  ends;  when,  on  the  Iota,  the  speed  of  the  pump 
was  reduced  to  such  an  extent  that  the  water  filled  the  discharge 
pipe  at  the  end  to  within  4  or  5  in.  of  the  top,  then  the  water  in  the 
gauge  attached  to  the  piezometer  rose  to  approximately  the  height 
of  the  water  in  the  pipe,  as  in  an  open  channel. 

The   Effective   Cross-section   of   the   Discharge   Pipe,   and  the 
Proportion  of  Sand  Pumped. 

Paragraph  7  of  the  resolution  of  the  Committee  instructed  that 
the  velocity  of  discharge  should  be  measured  at  several  points  in 
the  cross-section  of  the  pipe,  while  pumping  sand,  to  determine  the 
effective  cross-section. 

During  the  progress  of  the  experiments  already  described,  the 
writer  was  not  successful  in  determining  the  velocity  of  the  dis- 
charge while  pumping  sand,  but  was  successful  in  determining  the 
effective  cross-section,  and  several  determinations  were  made  of  the 
proportion  of  sand  carried. 

The  apparatus  devised  was  as  follows:  A  piece  of  1-in.  pipe, 
about  4  ft.  long,  was  fitted  to  go  through  one  of  the  stuffing-boxes, 
already  described  as  used  with  the  Pitot  tubes;  the  lower  end  of  the 
pipe  was  bent  to  a  right  angle  to  face  the  current;  the  upper  end 
of  the  pipe  was  fitted  with  two  elbows,  so  arranged  as  to  turn  the 
opening  downward ;  between  the  elbows  was  a  gate-valve  for  shutting 
off  the  flow  of  water.  The  fittings  on  the  top  of  the  pipe  formed 
a  handle  by  which  it  could  be  manipulated.  The  stuffing-box  per- 
mitted the  lower  end  of  the  pipe  to  be  placed  at  any  point  along  the 
vertical  diameter  at  the  point  of  application. 

The  lower  end  of  the  pipe  being  made  to  face  the  current,  and 
the  valve  being  opened,  the  water  would  flow  into  the  lower  end 
and  out  at  the  upper  end,  as  the  vertical  height  of  the  pipe  was 
much  less  than  the  head  on  the  pipe  at  that  point,  and  it  was 
assumed  that  this  stream  of  water  would  carry  the  same  proportion 
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of  sand  as  was  being  carried  in  the  discharge  pipe  at  the  point  of 
the  tube. 

The  water  and  sand  issuing  from  the  pipe  was  caught  in  iron 
buckets  and  tin  cans,  and  the  proportional  part  of  sand  measured. 
No  attempt  was  made  to  determine  the  sediment  or  mud  in  suspen- 
sion, but  only  that  portion  of  the  material  which  settled  to  the 
bottom  of  the  receptacle  at  once,  or  say  within  a  minute.  These 
measurements  were  made  at  intervals  of  2  in.  along  the  diameter. 
Three  sets  of  traverses  were  made  on  the  Delta,  while  dredging  at 
Peters  Crossing,  and  eight  on  the  Kappa,  in  the  chute  of  President's 
Island;  and  Tables  37  and  38  show  the  results. 

The  evidence  that  the  whole  cross-section  of  the  discharge  pipe 
is  effective  is  quite  conclusive,  as  in  no  case  was  there  any  evidence 
that  any  sand  was  resting  on  the  bottom  of  the  pipe,  as  the  small 
pipe  was  shoved  down  to  the  bottom  in  every  set  of  observations. 

The  indicated  proportion  of  sand  carried  varies  widely,  and, 
from  the  nature  of  the  work,  it  must  be  true  that  the  actual  pro- 
portion of  sand  being  carried  varies  constantly.  It  cannot  be 
assumed  that  sand  flows  in  a  constant,  uniform  stream  into  the 
suction  head,  and,  in  fact,  it  is  very  well  known  that  it  does  not 
do  so.  It  will  be  necessary,  therefore,  to  take  a  large  number  of 
observations  to  determine  with  accuracy  what  proportion  of  san<l 
is  carried. 

The  results  of  the  three  sets  of  observations  on  the  Delta  have 
been  plotted  and  the  mean  of  the  eight  sets  also  plotted.  Two  of 
the  sets  on  the  Delta  were  taken  while  dredging  down  stream;  the 
mean  amount  shows  14.4%  of  sand;  while  the  mean,  dredging  up 
stream,  is  28.4%  of  sand.  This  is  explained  by  the  fact  that  in 
dredging  down  stream  the  only  power  available  for  moving  the 
dredge  is  the  force  of  the  current.  The  dredge  cannot  be  forced 
into  a  bank  of  sand,  as  is  possible  in  dredging  up  stream. 

The  mean  of  all  observations  on  the  Kappa  is  16.9%  of  sand 
carried.  The  mean  plotted  line  of  all  results  shows  that  the 
proportion  generally  increases  from  tho  top  toward  the  bottom; 
though  the  table  shows,  in  one  instance  at  least,  a  greater  proportion 
near  the  top  than  near  the  bottom.  The  proportion  varies  from 
3  to  46  per  cent. 

These  measurements   were  made  experimentally,   and   near  the 
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close  of  the  season,  when  very  little  time  was  available.  They  are 
not  submitted  as  conclusive  evidence,  and  it  is  hoped  that  more 
measurements  can  be  made,  and  that,  at  the  same  time,  the  velocity 
can  be  ascertained  and  thus  determine  the  relation  between  velocity 
and  sand-bearing  capacity. 

An  inspection  of  the  table  of  results  of  the  barge  tests  shows 
almost  as  wide  variation  in  the  proportion  of  sand  carried,  varying 
from  4  to  36  per  cent. 

It  would  seem,  from  all  the  above-mentioned  data,  that  it  is  fair  to 
assume  that  under  normal  conditions  the  pumps  will  handle  from 
20  to  25%  of  sand. 

In  addition  to  the  tests  of  sand  pumps  already  mentioned,  certain 
field  tests,  for  determining  capacity  only,  were  made  by  the  writer 
during  the  dredging  season  of  1898. 

The  object  of  these  tests  was  to  determine  as  closely  as  possible 
the  actual  normal  working  capacity,  and  they  were  made  with  the 
regular  crews,  working  in  the  ordinary  way,  no  effort  being  made 
to  obtain  maximum  results. 

In  making  these  field  tests  a  location  was  sought  where  clean 
sand,  of  nearly  the  size  of  channel  sand,  could  be  found,  and  where 
there  was  no  current,  so  that  no  material  would  be  moved  except  by 
the  dredge.  The  site  was  carefully  cross-sectioned,  and,  after  the 
test  was  completed,  it  was  again  cross-sectioned  and  the  total  amount 
moved  was  thus  determined. 

The  Gamma  was  tested  at  Cow  Island  Bar.  Eight  cuts  were 
made,  aggregating  4  566  ft.,  and  occupied  45^  hours  of  actual 
dredging.  The  material  was  chiefly  a  rather  fine  sand,  with  a  very 
small  quantity  of  blue  mud.  The  total  quantity  of  material  moved 
was  45  856  cu.  yd.,  or  1  008  yd.  per  hour.  The  average  depth  of  cut 
was  Y.16  ft. ;  the  average  advance  was  100.3  ft.  per  hour ;  the 
average  steam  pressure  was  145.6  lb.;  average  speed  of  main  pump, 
150  rev.  per  min.  The  vacuum  on  the  suction  pipe  of  the  main 
pump  was  8.6  ft.  of  water,  and  the  discharge  head  11  ft.,  or,  in  other 
words,  the  pump  was  operating  against  19.6  ft.  of  water.  The 
length  of  the  discharge  pipe  used  was  750  ft.  The  original  test  shows 
an  average  capacity  of  1  523  yd.  per  hour. 

The  Delta  was  tested  at  Island  No.  18.  The  material  was  all 
sand,  possibly   averaging  a  little   finer   than   channel   sand.     Four 
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TABLE    37. — Percentage    of    Sand    Handled    by    Delta,    Peters 
Crossing,  November,  1902. 


Distance  from  top  of  pipe,  in 
inches. 

Dredging  up 

stream. 
Percentage. 

(1) 

Dredging  down 

stream. 

Percentage. 

(3) 

Dredging  down 

stream. 

Percentage. 

(3) 

4 

0.143 

6;i77 

6!226 

6;276 
0.267 
0.243 
0.286 
0.304 
0.321 
0.358 
0.371 

6!437 

0.047 
0.047 
0.048 
0.058 
0.089 
0.094 
0.094 
0.117 
0.100 
0.125 
0.187 
0.187 
0.187 
0.187 

6!  250 

0.125 

6 

0.111 

8 

0.117 

10 

0.080 

12 

0.083 

14 

0.200 

16 

0.175 

18 

0.176 

20 

0.141 

22 

0.235 

24 

0.187 

26 

0.141 

28 

0.219 

30 

0.250 

32 

0.250 

33,  bottom 

Means .        

0.284 

0.121 

0.186 

Average  of  Columns  1,  2  and  3. 


0.190 


TABLE    38. — Percentage    of    Sand   Handled    by    Kappa,    Presi- 
dent's Island^  November  28th  and  29th^  1902. 


Distance  from 

top  of  pipe, 

in  inches. 

1 

3 

3 

4 

5 

6 

7 

8 

Means. 

Top 

0.031 
0.281 
0.2.55 
0.271 
0.207 
0.247 
0.050 
0.110 
0.073 
0.214 
0.147 
0.131 
0.177 
0.130 
0.137 
0.171 

0.067 
0.193 
0.080 
0.099 
0.118 
0.129 
0.147 
0.135 
0.152 
0.125 
0.119 
0.138 
0.214 
0.193 
0.339 
0.467 

6;i25 

0.140 
0.125 
0.155 
0.155 
0.188 
0.188 
0.155 
0.250 
0.188 
0.188 
0.280 
0.280 

6!i25 
0.1.55 
0.105 
0.188 
0.220 
0.220 
0.235 
0.205 
0.220 
0.313 
0.280 

0.2:.0 

0.225 
0.219 
0.250 
0.250 

6 1688 
0.125 
0.125 
0.150 
0.125 
0.188 
0.214 
0.175 
0.171 
0.168 
0.168 
0.188 
0.179 
0.174 
0.108 
0.250 

6;i66 

0.100 
0.125 
0.250 
0.125 
0.168 
0.168 
0.18S 
0.205 
0.250 
0.168 
0.125 
0.125 
0.168 
0.125 
0.188 

6!  06.3 
0.063 
0.083 
0.125 
0.125 
0.083 
0.188 
0.167 
0.08:^ 
0.083 
0.125 
0.125 
0.125 
0.125 
0125 
0.250 

6!  030 
0.063 
0.188 
l'.188 
0.168 
0.125 
0.088 
0.125 
0.168 
0.125 
0.168 
0.125 
0.188 
0.125 
0.125 
0.250 

2.. ........:::: 

0.126 

4 

0.123 

6 

U.140 

8 

0.172 

10 

0.162 

12 

0.146 

14 

0.166 

16 

0.155 

18 

0.167 

20 

0.174 

22 

0.171 

24 

0.185 

26 

0.181 

28 

0.198 

30 

0.204 

Bottom,  32 

0.238 

Means 

0.165 

0.169 

0.186 

0.216 

0.168 

0.161 

0.121 

0.141 

0.169 

The  material  was  ordinary  channel  sand,  possibly  slightly  finer  than  the  average, 
pumped  through  240  ft.  of  32-in.  discharge  pipe. 

The  measurements  were  made  at  the  center  of  the  second  pontoon,  or  about  100  ft. 
from  the  stern  of  the  dredge. 
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cuts  were  made,  figgregating:  2  711  ft.  in  length,  and  occupying 
27  hr.  23  min.  of  actual  dredging.  The  total  quantity  moved  was 
34  462  yd.,  or  1  259  yd.  per  hour.  During  the  last  cut  made  the 
dredge  was  pushed  to  its  highest  possible  capacity  without  sinking 
the  discharge  pipe.  Distributing  to  this  cut  that  proportion  of  the 
total  volume  moved  to  which  it  is  entitled  from  a  consideration  of 
the  rate  of  advance  and  depth  of  cut,  the  capacity  limit  of  this  dredge 
is  found  to  be  2  550  yd.  per  hour. 

In  the  material  encountered  during  the  test,  the  capacity  of  the 
dredge,  however,  seemed  to  be  limited  only  by  the  ability  of  the 
pontoons  to  carry  the  discharge  pipes  when  loaded  with  the  sand 
handled  by  the  pumps.  The  average  advance  per  hour  was  99  ft.; 
average  depth  of  cut  6.55  ft.,  average  steam  pressure  151.1  lb.,  and 
average  speed  of  pump  140.9  rev.  per  min.  The  suction  head  was 
16.3  ft.,  and  the  discharge  34.5  ft.,  or  a  total  of  50.5  ft.  of  water 
against  which  the  pump  operated.  The  original  test  gives  a  capacity 
of  1  829  yd.  per  hour  with  a  67.6-f t.  head.  In  each  case,  the  length 
of  the  discharge  pipe  was  1  000  ft. 

The  Epsilon  was  tested,  at  Phillips's  Bar,  in  medium  sand,  with 
a  small  amount  of  mud.  Four  cuts  were  made,  aggregating  2  015 
ft.,  and  occupying  24  hr.  50  min. ;  during  which  time  32  407  yd. 
were  moved  at  the  rate  of  1  305  yd.  per  hour.  The  average  advance 
per  hour  was  81  ft.  against  a  cut  of  9.6  ft.  The  average  steam 
pressure  was  130  lb. ;  average  speed  of  pumps,  178  rev. ;  combined 
suction  and  delivery  head,  44.4  ft.  of  water. ;  1  000  ft.  of  discharge 
pipe  were  used.  The  original  capacity  tests  give  an  average  of 
2  553  yd.  per  hour,  with  a  total  head  of  58.5  ft. 

A  test  was  also  made  with  the  Zeta  at  Cherokee  Bar,  to  determine 
the  feasibility  of  cutting  a  channel  through  a  dry  bar,  and  also  to 
determine  the  capacity.  As  far  as  demonstrating  the  first-mentioned 
proposition,  the  test  was  an  entire  success.  Into  a  dry  bar  a  hole 
was  cut  approximately  500  ft.  long,  140  ft.  wide  on  top  and  having 
a  depth  of  from  3.5  to  4  ft.  above  water  and  13  ft.  below  water 
along  the  axis  of  the  cut.  The  sides  of  the  cut  below  water  stood 
at  a  very  considerable  angle  with  the  vertical.  It  woiald  have  been 
entirely  practicable  to  have  cut  a  channel  entirely  across  the  bar  to 
deep  water  on  the  opposite  side,  a  distance  of  1  200  ft.,  had  it  been 
desirable  to  do  so. 
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AMOUNTS  OF  SAND  HANDLED  BY  DELTA 
AT   PETERS  CROSSING. 
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MEAN    PERCENTAGE  OF  SAND  HANDLED  BY  KAPPA 
NOVEMBER  28th, 29th,  1902. 
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The  capacity  test,  however,  was  unsatisfactory,  owing  to  the 
material  encountered,  and  cannot  be  regarded  as  showing  the 
capacity  of  the  dredge  while  at  work  on  submerged  bars  of  channel 
sand. 

The  bar,  above  water,  and  to  a  depth  of  7  ft.  below,  was  com- 
posed of  pure  sand,  but  below  this,  and  probably  extending  to  the 
depth  reached  by  the  suction  pipes,  it  was  blue  mud.  Had  the 
suction  pipes  been  raised  above  this  mud  the  quantity  of  material 
moved  would  undoubtedly  have  been  much  larger.  The  total  volume 
moved  was  40  991  cu.  yd.,  or  only  652  yd.  per  hour.  As  this  dredge 
was  identical  in  size  and  construction  with  the  Epsilon  the  difference 
in  amount  of  1  305  and  652  yd.  per  hotir  probably  represents  the 
difference  in  capacity  when  handling  the  two  different  materials, 
sand  and  mud. 

Agitators. 

One  of  the  features  which  has  received  considerable  attention 
on  the  dredges  under  discussion  has  been  the  various  devices  for 
loosening  the  material  being  dredged,  to  facilitate  its  being  drawn 
into  the  suction  head.  They  have  consisted  of  two  general  types, 
which  may  be  designated  as  the  jet  agitators  and  the  mechanical 
agitators. 

Jet  Agitators. — The  jet  agitator,  in  its  general  form  as  used 
at  present,  consists  of  a  pressure  chamber,  secured  to  the  under  side 
of  the  suction  head  at  its  forward  or  outer  edge.  Into  the  forward 
side  of  the  pressure  chamber  are  screwed  nozzles,  through  which  jets 
of  water  are  directed  against  the  material  being  dredged. 

These  jet  agitators  are  also  divided  into  two  classes,  those  having 
nozzles  of  from  2  to  2.5  in.  in  diameter,  supplied  with  water  by  a 
centrifugal  pump  driven  by  a  direct-connected,  compound  engine 
and  delivering  water  at  a  pressiire  of  from  12  to  20  lb.  per  sq.  in., 
and  those  having  jets  from  0.75  to  1  in.  in  diameter,  supplied  with 
water  by  a  compotmd,  duplex,  reciprocating  pumping  engine  under 
a  pressure  of  from  40  to  70  lb.  per  sq.  in. 

The  question  as  to  relative  efficiency  in  disintegrating  and  break- 
ing down  the  material,  with  a  small  jet  under  a  high  pressure  or  a 
large  jet  under  a  low  pressure,  is  still  an  open  one.  The  matter  of 
simplicity  of  construction,  ease  in  operation,  and  absence  of  repairs 
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lies  SO  decidedly  in  favor  of  the  jets  supplied  by  a  centrifugal  pump 
that  it  would  overbalance  any  additional  efficiency  the  jets  supplied 
by  a  reciprocating  pump  might  have,  if  such  additional  efficiency 
exists,  and  the  vpriter  does  not  believe  it  does. 

The  18-in.,  centrifugal,  jet  pump  on  the  Gamma  was  operated 
for  five  seasons  without  even  taking  off  the  casing  for  examination, 
and  then  no  wear  was  found  on  either  runner  or  casing,  and  only 
a  new  brass  bushing  for  the  shaft  was  required.  The  engine  operat- 
ing it  has  required  very  little  attention,  certainly  no  more  than 
would  be  required  for  the  steam  end  of  a  reciprocating  pump. 

On  the  other  hand,  owing  to  the  fact  that  muddy  or  gritty 
water  is  being  handled,  the  reciprocating  pumps  are  a  constant 
source  of  expense  and  labor  in  keeping  them  properly  packed  and 
the  valves  in  good  condition. 

Mechanical  Agitators. — The  Beta  was  equipped  with  mechanical 
agitators  originally  as  shown  in  Fig.  41. 

They  consisted  of  six  barrel-shaped  cutters  (three  for  each 
suction  head),  5  ft.  in  diameter  and  5  ft.  high,  with  12  nickel-steel 
blades  on  each  cutter.  They  were  spaced  6  ft.  apart,  and  were 
driven  through  a  system  of  spur-gearing  by  a  cross-compound,  non- 
condensing  engine  with  14.5-  and  29-  in.  cylinders  and  18-in.  stroke. 
The  ends  of  the  suction  pipes  terminated  in  the  interior  of  these 
cutters.  To  support  a  portion  of  this  cutting  machinery,  which  was 
enormously  heavy,  a  pontoon  having  a  displacement  of  about  1  000 
cu.  ft.  was  built  around  the  various  frames  and  pipes.  At  first  all 
the  cutters  worked  in  the  same  direction,  and  the  result  was  that 
the  dredge  was  pulled  sideways  out  of  the  cut.  This  was  remedied 
by  changing  one  set  of  cutters  to  revolve  in  the  opposite  direction. 

The  breaks  in  the  gearing  were  freqiient,  though  the  spur-gears 
were  made  of  nickel-steel  and  the  pinions  of  phosphor-bronze. 

Owing  to  the  excessive  weight  of  the  machinery  and  the  almost 
continuous  repairs  necessary,  it  was  discarded  in  1898  and  an 
entirely  new  suction  head  built,  having  jet  agitators,  supplied  with 
reciprocating  pumps. 

The  Delta,  as  originally  built,  had  a  mechanical  agitator,  as 
shown  in  Fig.  42.  It  consisted  of  twenty-two  cast-steel  cutters,  each 
having  four  blades,  mounted  on  a  steel  shaft,  6|  in.  square,  which, 
in  turn,  was  supported  on  the  upper  side  of  the  suction  head,  at  its 
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SUCTION   HEADS  AND  JET  AGITATORS  ON  THE 
IOTA.  KAPPA  AND  HENRY  FLAD 


Fig.  40. 
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VERTICAL  SECTION  OF  CUTTER 
HEAD 


AGITATING   MACHINERY,  U.S.   DREDGE  BETA, 
BUILT   IN    1895 

HALF  PLAN,  CUTTERSAND  TOP  OF  PONTOON  REMOVED 
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AGITATING   MACHINERY  U.S.  DREDGE  ZETA, 
AS  ORIGINALLY  BUILT,  1897. 


HALF  FRONT  ELEVATION  OF  CUTTER  HEAD 

0 

Fig.  43. 


SCALE  OF  FEeT 
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outer  edge.  The  shaft  was  driven  by  two  steel  sprocket-chains  con- 
necting it  by  gearing  to  a  double,  horizontal  engine  with  cylinders 
12J  in.  in  diameter,  and  15-in.  stroke.  This  engine  was  attached 
to  a  sliding  frame,  which  moved  back  and  forth  as  the  suction  head 
was  raised  or  lowered.  This  was  necessary  because  the  shaft 
driving  the  sprocket-chain  was  not  on  the  center  of  revolution  of 
the  suction  head. 

This  device  worked  well  in  clean  material  or  material  free  from 
logs  and  sunken  drift,  but  such  material  seldom  exists  over  any 
very  large  area  in  the  bars  on  the  Mississippi.  As  the  shaft  revolved 
in  its  bearings,  below  water  which  was  highly  charged  with  mud 
and  sand,  they  wore  very  rapidly.  The  teeth  of  the  sprocket-wheel 
and  the  links  of  the  chain  also  wore  rapidly.  The  weak  feature  of 
the  device  was  this  sprocket-chain,  as  it  was  continually  breaking 
or  slipping  off  the  wheels  when  the  cutters  became  fouled  in  drift. 

An  earnest  effort  was  made  to  remedy  the  defects  of  this 
machinery,  as  it  was  thought  for  a  time  that  the  fleet  of  dredges 
should  have  at  least  one  equipped  with  mechanical  cutters,  for 
handling  any  material  that  could  not  be  handled  successfully  with 
jet  agitators.  After  many  unsuccessful  efforts  to  operate  it  success- 
fully and  economically,  this  machinery  was  finally  abandoned,  in 
1901,  and  a  new  suction  head  installed,  having  a  jet  agitator. 

The  Zeta  was  also  equipped  with  a  mechanical  agitator,  of  the 
form  shown  in  Fig.  43.  This  device  consisted  of  open  frames,  provided 
with  teeth  much  like  a  harrow.  It  was  attached  to  the  suction  head 
in  front  of  the  suction  opening  by  links,  which  permitted  motion 
parallel  to  the  plane  of  the  opening.  This  motion  was  obtained  by 
bell-cranks,  connecting  with  a  long  pitman  extending  to  the  rear 
of  the  suction  well,  where  it  connected  through  rocker-arms  to  a 
second  oscillating  crank  operated  by  an  engine. 

The  tests  of  this  dredge  seemed  to  indicate  that  the  capacity 
of  the  pump  was  decreased  very  materially  by  the  use  of  this 
agitator,  and,  as  it  was  impossible  to  operate  it  for  more  than  2  or  3 
hours  without  breakage,  it  was  discarded  very  promptly  and  a  jet 
agitator  substituted. 

At  present,  all  the  dredges  are  equipped  with  jet  agitators,  which 
are  very  simple  in  construction,  give  no  trouble  by  breakage,  and 
are  effective  and  satisfactory  in  operation. 
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Provision  for  Dredging  Up  and  Down  Stream. — It  will  be 
noted,  from  the  foregoing  descriptions  and  illustrations  of  the 
agitators,  that  provision  is  made  for  dredging  in  one  direction  only. 
This  condition  causes  considerable  delay,  due  to  the  loss  of  time 
necessary  in  allowing  the  dredge  to  drop  back  to  the  end  of  the 
hauling  cables  after  the  completion  of  each  cut. 

To  avoid  this  delay  in  changing  cuts,  the  suction  head  on  the 
Delta,  when  it  was  changed  from  a  mechanical  to  a  jet  agitator,  was 
supplied  with  a  device  enabling  the  dredge  to  be  operated  in  either 
direction. 

The  characteristic  features  of  this  device  are  shown  in  Fig.  44. 

SUCTION    HEAD  ON    U.  S.   DREDGE  DELTA, 
FOR   DREDGING   UP  AND    DOWN    STREAM 


Fig.  44. 

The  head,  as  a  whole,  has  the  same  general  form  as  that  used 
on  the  other  dredges.  The  pipe  supplying  water  to  the  pressure 
chamber  is  above  the  suction  head.  Just  back  of  the  pressure 
chamber  there  is  an  opening  in  the  bottom  plate  of  the  head,  having 
a  width  a  little  greater  than  the  depth  of  the  head  at  this  point,  and 
extending  the  whole  length  of  the  head.  In  dredging  up  stream 
this  opening  is  covered  by  a  shvitter,  hinged  on  one  edge.  When  it 
is  desired  to  dredge  in  the  opposite  direction,  this  shutter  is  lifted 
by  links  and  cranks  connected  to  a  hydraulic  cylinder.  The  shutter 
then  closes  the  forward  opening  into  the  head  and  permits  the 
entrance  of  material  into  the  bottom.     As  the  suction  head,  when 
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dredging,  is  inclined  at  an  angle  of  40  or  45°,  it  permits  dredging 
against  a  face  below  and  down  stream  from  it. 

The  pressure  chamber  is  circular,  and  is  provided  with  nozzles 
m  the  usual  manner.  It  is  connected  with  the  pressure  pipe  through 
a  swivel  tee,  and  is  free  to  revolve  in  supporting  bearings.  It  is 
connected  with  and  revolved  by  the  same  mechanism  that  operates 
the  shutter,  and  in  such  a  manner  that  when  the  forward  opening 
into  the  suction  is  open  the  jets  are  directed  up  stream  and  when 
the  position  of  the  shutter  is  reversed  the  jets  are  directed  down 
stream. 

This  device  works  very  satisfactorily,  and  has  resulted  in  a  very 
material  saving  of  time  when  dredging  in  a  fairly  loose  material. 
As  there  are  no  means  provided  for  driving  the  dredge  down  stream, 
other  than  the  force  of  the  current,  the  head,  of  course,  cannot  be 
forced  into  the  face  of  the  material  when  dredging  down  stream, 
as  it  can  be  in  the  opposite  direction. 

» 

Floating  Discharge  Pipe. 

Another  feature  connected  with  the  dredges  under  consideration 
has  been  the  method  of  supporting  the  discharge  pipe  beyond  the 
dredge. 

Fig.  45  shows  cross-sections  of  the  pontoons  used  for  this  pur- 
pose on  the  Alpha  to  Zeta,  and  also  more  complete  drawings  of  those 
used  with  the  Iota,  Kappa  and  Flad. 

On  the  first  six  dredges  the  discharge  pipe  passes  through  the 
stern  of  the  dredge,  at  about  the  water  line,  being  submerged  from 
one-half  to  two-thirds  of  its  diameter.  The  floating  discharge  pipe 
is  supported  at  about  the  same  elevation,  the  amount  of  sub- 
mergence depending  somewhat  on  the  amount  of  sand  being  carried. 
These  discharge  pipes  have  already  been  fully  described. 

In  the  design  of  the  Alpha  it  seems  to  have  been  considered  that 
10%  of  sand  would  be  as  large  a  proportion  as  would  ever  be  carried, 
and  the  buoyancy  chamber  of'  the  pontoon  was  proportioned  with 
this  idea  in  mind.  It  was  very  soon  learned  that  this  proportion 
could  be  very  easily  exceeded,  25%  not  being  uncommon,  while  a 
considerably  greater  percentage  has  been  reached,  as  has  been 
mentioned. 
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In  consequence  of  this  assumption  of  the  low  proportional 
amount  of  sand  which  could  be  pumped,  the  pontoons  of  the  dis- 
charge pipes  of  the  Beta,  Gamma  and  Delta  proved  to  be  deficient 
in  buoyancy.  This  deficiency,  on  the  Beta  and  Gamma,  was  reme- 
died as  shown;  for  the  Delta,  new  circular  pipes,  32  in.  in  diameter, 
arranged  as  for  the  Gamma,  were  supplied. 

The  pontoons  with  the  Epsilon  and  Zeta  have  araple  capacity. 
Owing  to  the  fact  that  these  pontoons  are  partially  submerged  for 
the  full  length  of  the  pipe,  they  present  a  large  surface  to  the  action 
of  the  current  in  the  river,  and  it  is  found  impracticable  to  deflect 
them  to  any  very  great  amount  to  either  side  of  the  thread  of 
direction  of  the  current.  As  the  axis  of  the  dredged  cut  should 
coincide  with  the  direction  of  the  current,  enough  pipe  must  be 
supplied  to  reach  from  the  dredge  to  deep  water  below  the  bar,  or, 
owing  to  the  limited  deflection  possible,  the  dredged  material  will 
he  deposited  too  near  the  edge  of  the  cut. 

Another  disadvantage  is  the  extremely  difficult  and  unpleasant 
"feature  of  connecting  the  various  sections  of  partly  submerged  pipe 
■by  short  rubber  joints,  which  are  slipped  over  the  ends  of  the  iron 
■pipe  and  secured  by  clamping  bands. 

For  reasons  already  stated,  it  is  desirable  to  make  the  discharge 
pipes  as  short  as  possible,  and  for  this  reason  provisions  were 
made  on  the  last  three  dredges  for  deflecting  the  discharge  to  the 
side  of  the  dredged  cut  at  a  considerable  angle;  in  fact,  it  is  pos- 
sible, and  desirable  in  some  eases,  to  lead  the  discharge  pipe  off 
at  right  angles  to  the  dredge. 

For  this  purpose  the  discharge  pipes  on  these  dredges  are  elevated 
about  2  ft.  above  the  water  and  are  carried  on  pontoons,  as  shown 
on  the  drawing.  Connections  between  adjoining  sections  are  made 
alternately  with  rigid  flange  joints  and,  on  the  Iota,  with  rubber 
joints,  and  on  the  Kappa  and  Flad,  with  a  universal  ball  and  socket 
joint.  The  pontoons  are  free  to  revolve  under  the  pipes  and  their 
axes  can  be  set  to  coincide  with  the  current.  These  pontoons  have 
proved  very  satisfactory  in  operation. 


Operation. 

The  project  under  which  all  the  dredges  are  operated  contem- 
plates the  maintenance,  by  dredging,  of  a  navigable  channel  having 
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a  deptli  of  9  ft.  and  a  widtli  of  250  ft.  at  all  times  of  the  year,  except 
when  closed  by  ice,  and  at  all  stages;  the  amount  of  dredging 
required  in  any  one  season,  evidently,  then,  depends,  to  a  very  large 
extent,  on  the  stage  of  the  river. 

The  river  has  a  range  in  stage  of  somewhat  more  than  51  ft. 
at  Cairo  and  a  little  more  than  42.5  ft.  at  Memphis,  but  dredging, 
of  course,  is  confined  to  the  lower  limits  of  the  stages. 

That  the  amount  of  dredging  required  will  depend  on  the  stage, 
is  true  only  in  a  general  sense,  for,  within  reasonable  limits,  say 
3  or  4  ft.  on  the  Memphis  gauge,  the  depth  of  water  in  the  channel, 
without  dredging,  depends  as  much  on  the  amount  and  rapidity 
of  fluctuations  in  stages  as  on  the  actual  elevations  of  the  stage 
of  water  at  any  one  time.  In  other  words,  there  may  be,  and  usually 
is,  a  greater  depth  of  water  in  the  channel  during  a  season  of  slowly 
falling  or  stationary  stage,  even  though  this  stage  reaches  a  minimum 
on  the  gauges,  than  during  a  season  of  short,  sharp  fluctuations  in 
stage,  the  minimum  of  which  may  be  several  feet  higher  on  the 
gauges. 

This  point  was  particularly  well  illustrated  during  the  season 
of  1901.  After  a  slight  rise,  bringing  the  gauge  at  Memphis  to 
about  8  ft.,  about  October  1st,  the  river  began  to  fall,  and  by 
October  10th  had  fallen  to  about  2.5  ft.  on  the  gauge.  From  this 
time  the  river  fell  very  gradually  until  about  December  3d,  when 
it  reached  a  stage  of  about  0.5  ft.  below  zero  and  remained  near 
zero  for  another  week;  a  period  of  about  60  days,  during  which  the 
river  was  at  extremely  low  stage.  In  spite  of  this  fact,  no  dredging 
was  required  after  about  November  24th,  as  there  was  at  that  time 
a  depth  of  not  less  than  10  ft.  in  the  channel. 

For  the  reasons  mentioned,  and  the  fact  that  the  stage  cannot 
be  forecasted,  the  amount  of  dredging  required  in  any  one  season 
cannot  be  foretold,  and  the  dredges  assume  the  character  of  an 
insurance  feature;  they  are  put  into  the  field  at  the  beginning  of 
the  ordinary  low-water  season,  in  readiness  to  do  such  work  and  in 
such  locality  as  is  required  and  as  the  channel  conditions  develop. 

Generally  speaking,  the  low-water  season,  during  which  dredging 
may  be  required,  extends  from  about  August  15th  to  December  15th, 
and  the  dredges,  or  some  of  them,  are  usually  held  in  commission 
during  that  time,  though  it  may  happen  that  for  a  considerable 
portion  of  this  time  their  services  may  not  be  required. 
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In  making  comparisons  of  the  amount  of  work  done  by  these 
dredges  and  others,  this  feature  of  the  conditions  to  be  met  should 
be  borne  in  mind.  Instead  of  a  predetermined  amount  of  dredging 
required,  for  which  a  dredge  or  dredges  may  be  prepared,  put  in 
commission  and  retired  on  completion  of  the  work  contemplated, 
it  is  necessary  to  be  prepared  to  meet  conditions  which  can  be  fore- 
casted only  a  few  days  before  they  become  facts,  and  the  time  allowed 
for  doing  the  work  made  necessary  by  these  conditions  is  equally 
brief. 

During  September,  October  and  November,  1903,  the  stage 
remained  considerably  above  the  ordinary  mean  stage  for  these 
months,  and  very  little  dredging  was  required.  Near  the  end  of 
November  there  was  every  indication  that  this  stage  would  be  main- 
tained or  not  lowered  to  any  great  extent.  Contrary  to  these  pre- 
dictions, the  river  at  Cairo,  between  December  2d  and  20th,  fell 
9.1  ft.,  an  average  fall  of  slightly  more  than  6  in.  per  day.  This 
very  rapid  and  unexpected  fall  produced  unexpected  conditions,  and 
made  necessary  a  large  amount  of  dredging,  which,  in  order  to  main- 
tain the  requisite  channel  depths,  should  be  done  very  quickly  and 
at  a  number  of  places  at  the  same  time.  Unfortunately,  owing  to 
these  unexpected  conditions  and  other  difficulties  of  operation,  the 
writer  is  forced  to  admit  that  for  a  few  days  during  this  period  the 
tull  channel  depth  contemplated  was  not  maintained.  This,  how- 
ever, was  not  due  to  the  inability  of  the  dredges  to  do  the  work 
required,  but  to  an  error  in  judgment  in  retiring  some  of  them  from 
the  field  too  soon,  and  also  owing  to  a  shortage  of  coal. 

A  brief  description  of  general  methods  of  operation  may  be  of 
interest. 

The  Superintendent  of  Dredging  Operations  is  provided  with  a 
suitable  steamboat,  on  which  his  headquarters  are  maintained.  As 
the  low-water  season  approaches,  he  examines  the  river,  making 
soundings  of  all  crossings,  and  from  this  time  until  the  dredging 
season  is  over  he  is  constantly  inspecting  the  river,  night  and  day, 
keeping  himself  fully  informed  as  to  the  location  and  condition 
of  the  channel  at  all  points,  and  directing  the  operations  of  survey 
parties  and  dredges. 

The  part  of  the  river  which  may  require  dredging,  and  about 
which  he  must  be  fully  informed  as  to  its  condition,  extends  for 
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500  miles  below  Cairo.  The  greater  part  of  the  dredging  work, 
however,  is  usually  confined  to  about  250  miles  of  river. 

Three  survey  parties,  also  quartered  on  small  steamboats  designed 
especially  for  this  purpose,  are  sent  into  the  field  to  make  surveys 
of  such  bars  as  are  likely  to  become  troublesome.  These  surveys 
are  hydrographic,  entirely,  and  consist  in  thoroughly  developing  the 
shape  and  elevation  of  the  bottom  by  means  of  soundings,  properly 
distributed  and  located.  These  soundings  are  reduced  to  mean  low 
water,  and  the  resulting  maps  show  depths  at  a  uniform  stage  of 
the  river;  the  shape  of  the  bottom  is  indicated  by  contours  and  thiis 
any  changes  in  the  river  bed  are  indicated  very  clearly  on  the  maps 
of  the  same  locality  made  from  surveys  on  different  dates. 

These  surveys  ai'e  repeated  from  time  to  time,  and  the  changes 
indicated  are  studied  carefully.  Should  dredging  be  necessary, 
these  maps  and  surveys  are  made  before  and  after  the  dredging  is 
done,  and  they  serve  to  show  clearly  the  results  obtained. 

The  writer  wishes  to  emphasize  the  importance  of  these  surveys 
and  the  necessity  of  accuracy  in  the  construction  of  the  maps.  The 
efficiency  of  the  dredges  in  creating  and  maintaining  suitable 
channels  over  the  troublesome  bars  depends  almost  wholly  on  the 
correct  location  of  the  channel  to  be  dredged.  No  fi:xed  rules  can 
be  laid  down  governing  this  location,  and  the  determination  in 
each  instance  must  arise  from  a  careful  study  of  conditions,  which 
conditions  can  only  be  known  through  the  results  of  careful,  accurate 
surveys,  supplemented,  of  course,  by  a  knowledge  of  surface  con- 
ditions, direction  of  current,  etc. 

The  proposed  channel  must  lie  so  as  to  coincide  with  the  effort 
of  the  river  and  take  advantage  of  its  direction  and  force  for 
enlarging  the  artificial  route. 

The  location  of  the  proposed  dredging  is  laid  down  on  the  maps, 
and  the  dredge  masters  govern  themselves  accordingly.  These  maps 
accumulate  very  rapidly,  and  there  are  now  several  hundred.  A 
study  of  these  maps  is  quite  interesting,  but  is  beyond  the  limits 
of  this  discussion. 

As  an  example,  one  series  of  a  single  locality,*  that  of  Bixby's 
Towhead  in  1902,  may  be  mentioned. 

The  survey  of  August  22d  to  24th  shows  that  the  deepest  water 
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from  the  left-hand  pool  to  the  pool  along  the  right  bank  was  near 
the  foot  of  Williams'  Towhead,  and  this  was  the  channel  as  steam- 
boats ran  it  at  that  time.  It  must  be  remembered  that  at  the  time 
the  survey  was  made  the  stage  was  10.1  ft.  above  mean  low  water 
and  that  actual  depths  at  that  time,  therefore,  were  that  much  more 
than  those  shown  on  the  map. 

Owing  to  the  strong  current  down  the  left  bank  and  crossing 
over  to  Bixby's  Towhead,  and  to  the  general  rule,  which  is  the  result 
of  experience,  that  it  is  desirable  to  locate  the  dredged  cut  as  far 
down  stream  as  possible,  it  was  decided  to  dredge  as  indicated, 
though  the  amount  of  work  to  be  done  was  apparently  considerably 
greater  than  would  have  been  required  near  the  foot  of  Williams' 
Towhead. 

This  upper  channel  filled  up  as  the  river  fell,  became  impassable, 
and  does  not  appear  on  the  later  maps. 

The  survey  of  September  9th,  three  days  after  dredging,  does 
not  show  very  great  results,  as  the  stage  was  still  11  ft.  above  low 
water,  and  the  dredge  can  only  dig  to  a  depth  of  about  18  or  19  ft. 
The  5-ft.  contour,  however,  goes  across  the  bar  where  dredged. 

Owing  to  a  rising  and  high  stage,  dredging  at  this  point  was 
suspended  from  September  6th  to  14th ;  it  was  resumed  on  the  latter 
date  and  continued,  with  some  interruptions,  until  the  24th. 

Surveys  made  on  September  28th  show  in  a  very  marked  manner 
the  results  of  this  dredging.  Owing  to  a  rise  of  several  feet  in  the 
river,  dredging  was  not  resumed  until  October  28th.  The  survey 
taken  the  day  before  indicates  that  a  considerable  amount  of 
filling  had  taken  place  in  the  dredged  cut,  though  its  existence  is 
still  well  defined.  This  filling  is  a  characteristic  feature  connected 
with  a  rising  river. 

The  survey  of  November  9th,  after  the  completion  of  dredging, 
shows  very  clearly  the  results  obtained.  The  channel  was  straight 
and  easily  navigated,  and  remained  in  good  condition  for  the 
remainder  of  the  year. 

It  is  desirable  to  begin  on  a  bar  which  will  require  dredging  as 
soon  as  the  stage  of  the  river  and  depth  of  water  are  such  as  to 
permit  making  a  cut  of  moderate  depth  with  the  length  of  suction 
head  available. 

By  this  means  a  single  dredge  is  able  to  create  a  channel  through 
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a  bar  and  move  to  another  one  before  the  depth  of  water  becomes 
troublesome;  the  assistance  received  from  the  current  in  scouring 
out  the  artificial  channel  will  also  be  greater  at  a  higher  stage. 

It  is  always  the  practice  to  dig  as  deep  as  the  length  of  the 
suction  head  will  permit.  The  writer  believes  this  to  be  the  correct 
method  to  use,  as  the  quantity  of  water,  and  consequently  the 
velocity  of  the  current  flowing  through  the  cut,  will  certainly  be 
increased  with  the  size  and  depth  of  the  cut. 

From  what  has  been  said  it  will  be  noted  that  the  cuts  are  made 
in  a  longitudinal  direction  in  reference  to  the  channel,  and  the 
dredged  channel  is  made  of  the  requisite  width  by  making  the 
necessary  number  of  parallel  cuts. 

On  the  Mississippi,  where  the  action  of  the  current  is  depended 
on  very  largely  to  aid  in  the  formation  of  a  channel,  this  method 
of  dredging  is  much  more  efficient  than  the  lateral  system,  or 
dredging  to  the  full  channel  width  by  swinging  the  dredge  as  it 
advances. 

The  channels  to  be  dredged  are  now  located  invariably  with 
their  axes  coincident  with  the  direction  of  the  current,  though  this 
direction  will  probably  not  give  the  shortest  distance  across  the 
obstructing  bar.  Experience  has  shown  that  it  is  practically  impos- 
sible to  maintain  a  dredged  channel  the  axis  of  which  lies  at  any 
very  considerable  angle  with  the  current. 

Since  1898,  when  a  fleet  of  dredges  adequate  in  number  to  do 
the  required  amount  of  work  was  made  available,  the  channel  depth 
of  9  ft.,  as  contemplated  by  the  project,  has  been  maintained,  except 
possibly  for  a  few  days  at  a  time  when  the  fall  in  the  stage  of  the 
river  has  been  so  rapid  that  unexpected  conditions  were  created  and 
very  little  time  was  available  for  meeting  them.  At  no  time  in 
the  writer's  knowledge  has  a  dredge  failed  to  open  quickly  a  channel 
of  ample  depth  and  width  through  any  obstructing  bar  which  has 
been  attacked. 

Prior  to  the  adoption  of  the  dredging  project,  low-water  channel 
depths  of  4  and  5  ft.,  extending  over  a  period  of  several  weeks,  were 
not  uncommon. 

In  view  of  the  success  in  securing,  thus  far,  such  a  satisfactory 
improvement  of  the  low-water  channel,  and  that  both  the  present 
standard  depth  and  width  can  be  increased  to  advantage,  and  that 
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other  applications  of  dredging  to  advantage  are  possible,  the  Com- 
mission is  now  building  another  dredge,  the  tenth  in  the  series. 

This  dredge  will  be  of  the  self-propelling  type,  and  of  the  follow- 
ing general  dimensions: 

Length  between  perpendiculars 210         ft. 

Beam  moulded 44        " 

Total  width  over  guards 78.5     " 

Depth   moulded 8.5     " 

Depth  at  center  line 9 .  25  " 

The  hull  will  be  of  steel,  throughout,  built  similar  to  the  Kappa 
and  Fladj  but  of  stiffer  construction.  The  main  sand  pump  will  be 
similar  in  form  to  those  of  the  Kappa  and  Flad,  and  will  have  a 
runner  90  in.  in  diameter,  with  6  blades,  and  with  a  36-in.  discharge 
pipe.  It  will  be  driven  by  direct-connected,  tandem,  compound 
engines,  supplied  with  a  surface  condenser. 

The  agitators  will  be  of  the  water-jet  type,  served  by  'a  20-in. 
centrifugal  pimip. 

The  suction  head  will  be  fitted  to  dredge  both  up  and  down 
stream.  The  propelling  engines  will  be  compound,  of  comparatively 
short  stroke,  and  geared  to  the  wheel  shafts. 

In  detail,  this  dredge  will  represent  the  results  of  ten  years' 
experience. 
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A.  W.  EoBENSON,  M.  Am.  Soc.  C.  E.,  Montreal,  Canada.  (By  let-  Mr.  Robinson, 
ter.) — Major  Sanford's  paper  is  an  interesting  and  valuable  record 
of  the  fleet  of  hopper  sand-pump  dredges  belonging  to  the  United 
States  Government.  Owing  to  the  fact  that  so  many  of  them — 
eleven  in  all — were  only  built  or  are  building  in  1904,  the  state- 
ments of  perfoiinance  given  in  the  paper  are  very  meagre,  and  it  is 
to  be  hoped  that  Major  Sanford  will  collect  and  publish  full  data 
of  the  results  obtained  with  these  later  dredges  as  soon  as  they  are 
available. 

These  dredges  all  work  while  under  way,  with  their  propelling 
engines  in  motion,  scraping  up  a  very  small  section  of  cut  at  a 
time.  In  this  they  differ  from  most  European  dredges  of  this  type, 
which  are  fitted  with  larger  pumps  as  a  rule,  and  pump  large  quan- 
tities of  sand  from  a  limited  area  and  with  no  expenditure  of  power 
for  propelling.  The  United  States  dredges,  however,  make  a  better 
bottom,  and,  in  working  across-bar,  the  value  of  the  deepening  is 
available  from  the  beginning,  or  nearly  so. 

The  small  size  of  the  pumps  on  these  dredges  is  noticeable.  The 
writer  thinks  that  size  of  pump  should  be  limited  bj^  the  ability  to 
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Mr.  Robinson,  propel  the  vessel  with  the  suction  pipe  on  the  bottom,  and  by  the 
abihty  of  the  hoppers  to  precipitate  a  fair  percentage  of  the  sand 
without  washing  overboard  by  the  use  of  too  large  a  stream.  The 
pumps  on  these  dredges  could  be  made  considerably  larger  without 
going  beyond  the  above  limits,  and  thus  increase  the  capacity  of 
the  dredge.  The  early  dredges  were  equipped  with  15-in.  pumps, 
and  this  size  was  followed  for  some  time  and  then  gradually  in- 
creased to  18-in.  and  20-in.,  which  appear  to  be  the  largest  yet 
used.  The  20-in.  pipe  on  the  side  of  the  Chinook,  for  example,  looks 
almost  absurdly  small.  The  writer  sees  no  difficulty  in  making 
these  flexibly  connected  suction  pipes  of  larger  size,  and  has  himself 
used  them  up  to  34  in.  diameter  over  the  side  of  a  moving  vessel. 
The  form  of  drag  should  be  made  to  offer  as  light  resistance  to  pro- 
pelling as  possible,  and  in  this  respect  the  present  plow  or  scraper 
fonn  might  be  much  improved. 

It  is  remarkable  that  the  best  record  quoted  of  cost  per  cubic 
yard  of  work  done  (2^  cents)  was  made  by  the  Sabine,  a  little 
dredge  with  only  10-in.  pumps.  This  shows  that  mere  size  alone  does 
not  produce  economy,  but  that  with  favorable  conditions  and  low 
operating  cost  small  units  rapidly  worked  can  show  excellent  re- 
sults. 

It  is  noticeable  that  all  the  engines  both  for  pumping  and  pro- 
pelling are  compound,  except  in  one  small  dredge  which  has  simple 
engines  for  pumping,  and  the  Ghinoolc — a  converted  steamship — 
which  has  expansion  engines  for  propelling.  No  reason  is  given  for 
this  in  Major  Sanford's  paper,  and  it  is  difficult  to  assign  any,  un- 
less it  be  economy  in  first  cost.  The  slight  extra  cost  of  triple- 
expansion  engines  would  be  much  more  than  met  in  the  better 
economy  and  greater  ease  of  running.  In  former  days  there  were 
some  who,  being  accustomed  to  the  good  old  compound  engine, 
feared  that  the  triple  meant  some  new  and  untried  complication,, 
and  that  it  would  be  more  difficult  to  keep  in  order.  The  re- 
verse is  really  the  case,  and  it  is  hardly  necessary  now  to  state  that 
the  faster  revolutions  and  subdivided  strains  with  lighter  pressures 
on  all  the  bearing  surfaces  of  the  modern  triple  engine  make  it 
more  durable  and  hence  easier  to  manage  and  maintain  than  its 
predecessor,  the  compound,  notwithstanding  the  fact  that  it  has 
three  sets  of  parts  instead  of  two.  High  speed  of  revolution  is 
specially  desirable  for  a  centrifugal  pump,  if  its  diameter  is  to  be 
kept  within  the  limits  of  good  working  efficiency,  and  this  is  more 
readily  obtained  with  a  triple  than  a  double  engine  while  the 
economy  is  much  increased. 

Mr.  Maltby's  paper  is  exceedingly  useful  in  supplementing  tho 
previously  published  information  on  this  subject  and  bringing  it  up 
to  date.     Much  of  the  matter  contained  in  the  paper  is  not  new,  but 
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it  aids  in  the  comprehension  of  the  general  subject  to  have  it  pre-  Mr.  Robiuson. 
sented  again. 

The  writer  cannot  speak  too  highly  of  the  value  and  importance 
of  the  data  which  have  been  made  available  by  the  publication  of 
the  tests  of  the  performance  of  hydraulic  dredges  on  the  Mississippi 
made  by  the  Government.  Mr.  Maltby  states  that  he  has  recom- 
puted much  of  the  data  of  the  earlier  tests,  and  he  now  publishes 
them  in  what  he  claims  to  be  a  corrected  form.  The  writer,  how- 
ever, desires  to  call  attention  to  one  or  two  statements  with  which 
he  cannot  agree.  On  page  409  the  author  states  that  an  error  was 
made  in  the  original  calculations  of  pump  performance,  in  taking 
the  head  in  feet  of  water,  instead  of  in  feet  of  material  being 
pumped,  as  should  have  been  done.  As  the  term  "head"  is  here 
used  as  an  expression  of  observed  pressure,  and  not  as  the  actual 
height,  the  writer  is  unable  to  see  that  it  makes  any  difference  in 
the  work  done,  whether  we  compute  this  work  from  the  lower  head 
due  to  heavier  material  or  the  slightly  higher  heads  due  to  water. 
The  writer  would  suggest  when  dealing  with  fluids  of  varying 
density,  that  the  pressure  be  expressed  in  pounds  per  square  inch. 

On  page  409  the  author  states  that  the  "head  of  material  pumped 
is  to  the  total  head  of  water  observed  as  the  weight  per  cvibic  foot  of 
material  pumped  is  to  the  weight  of  water."  This  ratio  should  be 
inversely  and  not  directly  as  stated. 

In  Table  33  Mr.  Maltby  states  that  the  mercury  in  the  gauges 
connected  with  suction  and  discharge  pipes  fluctuated  very  rapidly 
and  irregularly  through  a  space  of,  sometimes,  two  or  three  inches. 
The  readings  from  these  gauges,  therefore,  were  subject  to  the 
estimation  of  the  observer,  and  an  inch  or  two  of  mercury  would 
make  a  great  difference  in  the  results  which  are  set  down  in  the 
table  to  two  places  of  decimals. 

In  the  recomputed  results  which  the  author  gives  in  Table  30, 
there  are  several  statements  of  pump  efficiency  which  the  writer 
must  be  excused  for  refusing  to  believe;  for  example,  in  Column  24 
the  Dredge  Epsilon  is  credited  with  efficiencies  of  81,4  to  96.2.  It 
is  to  be  regretted  that  as  this  pump  apparently  did  so  well  it  could 
not  have  covered  that  other  3.8%,  and  thus  held  the  proud  record  of 
being  a  perfect  pump  of  100%  efficiency.  Possibly  if  the  gauges 
had  fluctuated  a  little  more  it  might  have  done  so  or  even  exceeded 
it.  In  the  first  two  tests  of  this  dredge,  the  efficiency  varies  from 
68.52  to  82.66.  Here  is  a  variation  of  14%  in  efficiency  while  the 
tables  show  a  variation  of  nearly  50%  in  velocity,  and  the  revolu- 
tions, indicated  horse  power,  and  cubic  yards  of  sand  per  hour,  re- 
main practically  constant.  It  is,  of  course,  possible  that  consider- 
able variation  in  the  flow  might  be  produced  by  a  partial  choking 
either  of  suction  or  discharge  pipes,  but  observations  such  as  these. 
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Mr.  Robinson,  taken  under  rapidly  varying  conditions,  are  very  misleading.  There 
is  nothing  about  the  design  or  construction  of  the  pump  of  this 
dredge  which  differentiates  it  very  materially  from  several  of  the 
other  dredges,  and,  in  fact,  it  is  a  duplicate  of  the  Zeta,  which 
yielded  very  different  results.  The  writer  is  very  distrustful  of  the 
Ijerfo nuance  registered  by  these  short-time  barge  tests,  and,  although 
many  of  the  observations  could  be  taken  with  reasonable  accuracy, 
there  are  elements  of  uncertainty  and  widely  varying  conditions 
which  it  is  apparently  impossible  to  observe  accurately  and  allow  for. 

In  Table  34,  there  are  two  identical  dredges,  the  Kappa  and 
Henry  Flad,  which  give  widely  varying  efficiencies  at  extremes  of 
speed.  In  the  case  of  the  Kappa  the  highest  efficiency  is  obtained 
at  the  slowest  speed,  and,  in  the  case  of  the  Flad,  the  relation  is 
reversed,  and  the  highest  efficiency  is  obtained  at  the  highest  speed. 
There  is  no  apparent  reason  why  this  should  be  so,  and  in  default  of 
.  satisfactory  explanation  we  are  left  to  conclude  that  it  is  due  to 
errors  of  observation. 

In  Table  33,  Mr.  Maltby  gives  data  and  results  of  tests  of 
main  pumps,  1902.  These  presumably  were  not  barge  tests,  al- 
though the  fact  is  not  clear  from  the  paper,  nor  is  the  duration  of 
these  tests  stated.  It  would  appear  that  this  table  records  results 
when  pumping  water  only,  although  the  table  does  not  so  state. 

The  writer  agrees  with  Mr.  Maltby  that  the  runner  of  a  dredging 
pump  should  be  of  the  enclosed  tyiDC,  as  stated  on  page  452,  and  all 
modern  dredging  pumps  are  now  made  with  enclosed  runners. 

As  has  been  brought  out  in  the  paper,  the  use  of  mechanical 
agitators  has  been  discontinued  on  the  Mississippi,  and  the  only 
aid  to  the  dislodgment  of  the  sand  at  the  suction  pipe  is  that  ob- 
tained from  the  use  of  water  jets.  This  does  not  mean  that  the  use 
of  mechanical  agitators  is  to  be  avoided,  but  only  that  the 
use  of  the  particular  agitators  employed  in  the  early  experiments 
on  the  Mississippi  were  unsuitable  and  unnecessary  for  the  con- 
ditions as  they  there  exist.  The  sand  of  the  Mississippi  in  which 
these  machines  have  to  work  is  all  of  recent  deposit  and  is  readily 
picked  iip  by  the  pumps  without  mechanical  excavation.  For  other 
classes  of  material,  however,  and  in  other  conditions,  the  writer  be- 
lieves mechanical  excavation  may  be  advantageous  and  essential, 
and  he  has  used  different  forms  of  cutting  apparatus  in  his  own 
practice  which  have  been  reliable  in  service  and  given  good  results. 
Mr.LeCoiite.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.,  Oakland,  Cal.  (By  letter.)— 
The  writer  has  been  very  much  impressed  by  Mr.  Hersent's  remarks 
about  proportioning  the  capacity  of  the  dredge  to  the  work  to  be  per- 
formed. It  goes  without  saying  that  a  mammoth  dredge  with  a 
capacity  of  2  000  cu.  yd.  per  hour  will  make  a  good  record  in  soft 
digging,  where  the  material  being  excavated  will  naturally  flow  to 
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the  suction.  On  the  contrary,  even  in  ordinary  stiff  digging-,  the  Mr  LeConte. 
capacity  of  a  dredge  is  measured  by  the  capacity  of  the  cutting  ap- 
paratus to  feed  the  pump,  which  is  usually  very  limited.  Hence  it 
follows  that  a  mammoth  dredge  is,  as  a  rule,  unfit  to  do  stiff  or  hard 
digging,  and  it  would  be  far  better  and  would  save  money  to  lay  up 
such  a  dredge  and  do  the  hard  digging  with  a  medium-sized  dredge. 
It  becomes,  therefore,  a  matter  requiring  a  great  deal  of  judgment  to 
decide  just  what  type  of  dredge  is  best,  and  what  capacity  of  dredge 
is  best  adapted  to  •  any  particular  piece  of  harbor  work.  At  all 
events,  the  first  thing  to  do  in  any  given  case  is  to  classify  the 
character  of  the  material  to  be  dredged.  Delegate  the  soft  digging 
to  the  mammoth  dredge,  with  capacity  of  5  000  h.  p. ;  the  sandy  mud 
to  the  1  000-h.p.  dredge ;  the  muddy  sand  to  the  600-h.p.  dredge ;  and, 
finally,  the  hard-pan  and  tough  clay  to  the  400-h.p.  dredge.  This 
distribution  of  the  work  is  nothing  more  than  a  wise  attempt  to 
gauge  the  capacity  of  the  dredge  to  the  ability  of  the  cutting  ap- 
paratus to  feed  the  pump  with  dredged  material.  Should  the 
present  designs  for  the  cutting  apparatus  be  materially  improved 
upon,  and  such  improvements  are  being  made  every  day,  the  horse- 
power capacity  of  the  dredge  most  suitable  would  be  correspondingly 
increased  in  proportion  to  improvement  made  in  the  capacity  of  the 
cutting  apparatus. 

George  Higgins,  M.  Inst.  C.  E.,  Melbourne,  Victoria.  (By  let-  Mr.  mggins. 
ter.) — The  writer  wishes  to  congratulate  Mr.  Maltby  upon  the  very 
valuable  nature  of  the  information  which  the  experiments  afford. 
He  trusts  that  many  minds  will  set  to  work  with  the  figures  given, 
and  derive  from  them  much  that  will  throw  light  upon  the  many 
points  in  the  science  of  centrifugal  pumps  which  need  clearing  up. 

One  important  part  of  the  ordinary  theory  of  these  pumps,  to 
which  the  writer's  attention  was  directed  by  Mr.  W.  M.  Wliite  of 
Philadelphia,  is,  he  thinks,  open  to  question.     This  refers  to  the 

ir  V 
expression.  ,    for  the  energy  imparted  to  each  pound  of  water 

per  second  by  virtue  of  the  motion  of  the  runner,  w,  denoting  the 
tangential  velocity  of  the  water  at  the  periphery  of  the  runner,  V, 
the  peripheral  speed  of  the  runner,  and  g,  the  acceleration  due  to 
gravity,  the  units  being  feet  and  seconds.     Now,  in  deducing  the 

expression,    ,    the  usual  procedure  is  to  ascertain  the  change  of 

angular  momentum  of  water  per  second  and  use  this  as  a  measure 
of  the  angular  impulse.  So  far  so  good.  But  the  next  stop  seems 
to  be  wrong.  The  angular  impulse  is  multiplied  by  the  angular 
velocity  of  tlie  runner,  and  the  product  called  the  work  done  per 
second.  Now.  in  most  runners  the  angular  velocity  of  the  water 
is  less  than  the  angular  velocity  of  the  runner,  and,  if  we  follow 
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Mr.  Higgins.  any  One  particle  of  water  as  it  glides  along  the  surface  of  a  backward- 
curved  vane,  we  must  admit  that  the  points  of  the  vane,  which, 
successively,  impart  impulses  to  the  particle  of  water,  are  not 
upon  the  same  radius.  But  it  is  the  angular  velocity  of  any  one 
radius  that  measures  the  angular  velocity  of  the  runner,  therefore, 
the  angular  velocity  with  which  the  point  of  application  of  the 
force  between  vane  and  particle  moves  is  less  than  the  angular 
velocity  of  the  runner.  For  instance,  in  Fig. 
46,  let  0  A  he  the  radius  passing  through  the 
particle  when  it  is  at  a  distance,  0  B,  from  the 
center,  and  suppose  that  while  0  A  moves  to 
0  A',  the  particle  travels  outward  along  the 
vane  to  C.  Then  it  is  evident  that,  when  the 
vane  is  curved  backward,  the  angle,  A  0  C, 
will  be  less  than  A  0  A';  in  other  words,  the 
angular  velocity  of  the  point  of  application  of  '^'     ' 

the  force  between  vane  and  particle  will  be  that  of  the  particle  of 
water  and  not  that  of  the  runner.     Hence,  we  mvist  write: 

Angular  impulse  X  angular  velocitj^ 

W  w 

=       v  B  X   -p 

g  E 

_  Wu^ 

~~     9 

=  Energy    (corresponding    to    angular    motion) 

imparted  to  the  TFlb.  of  Avater  wliich  leave  the  runner  per  second  = 

work  done  in  imparting  angular  motion  to  water  per  second. 

But  even  this  statement  needs  to  be  qualified.     First,  we  must  take 

into  consideration  the  outward,  or  radial,  motion  of  the  water.  Denoting- 

the  radial  resolved  part  of  the  velocity  at  the  periphery  by  w,  we  must 

TFu^  W>r'- 

add to  the  expression,  — —  ,  tind  the  sum  will  represent  the 

total  energy,  subject,  however,  to  a  further  qualification,  viz.,  sec- 
ondly, the  vanes  may  not  be  so  shaped  that  the  angular  velocity  of 
the  water  shall  be  imiform  or  that  it  shall  be  continuously  ac- 
celerated. Thus,  in  the  case  of  the  Gammas  pump,  the  curvature 
of  the  vanes  is  so  great,  and  the  angle  between  a  tangent  to  the  vane 
at  the  tip  and  tbe  tangent  to  the  periphery  of  the  runner  is  so  small, 
that  the  value  of  xv^  -\-  u^  is  longer  about  3  in.  in  from  the  circum- 
ference than  at  the  circumference.  This  means  that  the  energy 
due  to  motion,  which  is  represented  i)artly  by  centrifugal  pressure 
and  partly  by  velocity  head,  cannot  be  measured  at  the  periphery, 
but  at  a  radius  where  its  value  is  a  maximum.  The  water  will  gen- 
erally gain  in  pressure   as  it  slows  down  outside  the  position  of 


DISCUSSION    ON    DREDGES. 


485 


maximum  energy  of  motion,  and,  if  the  spaces  between  the  vanes  Mr.  Higgins. 
run  full,  or  nearly  so,  the  water  will  do  work  on  the  runner. 

TABLE  3'.).— Cextkifugal  Pump  Tests  by  F.  B.  Maltby,  M.  A.m. 
Soc.  C.  E.,  Mississippi  Eiver  Commission,  1902;  Deductions 
BY  George  Higgins,  Melbourne,  1904. 
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6  765 
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13 

45.47 

41.77 

2.45 

54.37 

34.55 

6  905 

681 

784 
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Epsilon 

If 

49.66 
51.47 

40.45 
41.96 

8.53 

8.81 

53.07 
57.09 

37.35 
40.13 

7  400 
7  640 

714 
793 

681 
766 

840 1 
931 

Some    inac- 
curacy here, 
do. 

54.48 

44.79 

8.97 

64.80 

42.90 

7  780 

917 

867 

1  075 

do. 

Zeta 

(3 

51.17 

53.67 

44.60 
46.05 

6.09 
6.13 

62.90 
67.03 

48.32 
49.46 

5  700 
5  750 

651 

700 

690 
734 

735 

787 

Iota 

3 
5 

54.00 
40.57 

44.55 
41.65 

6.16 
2.93 

62.83 
54.14 

43.25 
42.52 

6  620 

7  420 

756 
730 

818 
818 

899 
813 

Kappa  

Henry  Flad. 

4 

46.20 

43.25 

2.35 

55.60 

43.30 

5  930 

600 

635 

654 

Gamma* 

1 

39.05 

28.09 

5.10 

25.50 

19.95 

5  420 

251 

297 

337 

*  In  this  case,  the  figures  refer,  not  to  the  periphery  of  the  runner,  but  to  a  circle 
within  the  runner  concentric  with  it,  where  the  head  arising  from  the  motion  of  the 
water  is  a  maximum.  Outside  this  circle,  velocity  head  is  converted  into  pressure,  and 
some  work  is  done  on  the  runner.    The  reason  is  "found  in  the  recurvature  of  the  vanes. 


A  comparison  of  the  three  last  columns  of  figures  on  the  accom- 
panying Table  39  will  show  that  the  experiments  under  discussion 
seem  to  support  the  view  held  by  the  writer.  In  all  the  experiments 
dealt  with  in  this  table,  except  the  three  referring  to  the  Epsilon, 

the  calculated  horse  power,   if  //  be  taken  as 


9 


bears   a 


reasonable  proportion  to  the  indicated,  the  difference  representing 
frictional  losses  in  engine  and  bearings  and  the  frictional  resistance 
to  the  motion  of  the  runner;  not,  of  course,  including  any  fluid  fric- 
tion caused  by  flow.  The  last  column  of  figures  shows  what  the 
horse  power  would  be  if  it  were  correct  to  calculate  it  on  the  sup- 

w  V 
position  that  H  ^= .     Tn  nearly  every  case  it  is  greater  than  the 

indicated  horse  power.  The  writer  is  not  able,  at  present,  to  account 
for  the  discrepancy  in  the  case  of  the  Epsilon,  where  the  horse  power 
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Mr.  Higgins.  corresponding  to  the  motion  imparted  to  the  water,  as  calculated  on 

"•-  +  "^ 
the  supposition  that  each  pound  has —  units  of  energy  im- 
parted to  it  per  second,  appears  to  be  greater  than  the  indicated  horse 
power.  It  is  tnie  that  its  casing  is  better  forined  than  those  of  most 
of  the  other  dredges — the  whirling  not  being  interrupted  by  any 
projecting  lip,  and  space  being  provided  for  whirling  to  take  place; 
also,  its  runner  is  of  better  form  than  those  of  most  of  the  other 
dredges;  but  all  this  would  not  give  us  a  perpetual  motion  result. 


DREDGE  GAMMA. TEST  NO.  1 
Horizontal  Scale 


0 


% 


Vertical  Scale 


0 


10 


20  Feet  of  presBure 


:?:  '^»S: 


^'  ";?;  'ijj  ":j;  's>  ^    ^ 

w  V  to^+  V? 

9  9 

Total  heads  resulting  from  the  motion  imparted  by  the  runner  to  the  water  at 
various  distances  from  the  center.  The  maximum  head  is  found  about  Sin.  inside 
the  periphery  of  the  runner;  outside  this  place,  the  water  does  work  on  the  runner , 
losing  velocity  head  in  doing  so.  There  is,  however,  a  gain  in  pressure,  as  recorded  by 
the  gauges  used  in  the  experiments. 

Fig.  47. 

Possibly  some  clue  may  be  gained  by  examining  the  energy  im- 
parted to  each  particle  of  water  as  it  moves  outward.  Time  does  not 
allow  of  this  being  done;  but  an  investigation  of  this  kind  made  in 
the  case  of  the  Gammas  pump  (see  Fig.  47),  shows  how  the  energy 
of  motion  is  not  always  a  maximimi  at  the  periphery  of  the  runner. 
Curves  are  drawn  to  show  the  position  of  maximum  energy  of 
motion  on  both  the  suppositions  in  dispute. 

Table  40  is  prepared  to  show  how  loss  of  head  arises  in  each  of 
the  pumps  experimented  with  by  reason  of  the  casings  and  outlets 
not  being  suitably  designed  for  the  conditions. 
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TABLE  40. — Centrifugal  Pump  Tests  by  F.  B.  Maltby,  M.  Am.  Mr.  Higgins. 
Soc.  C.  E..  Mississippi  Rivek  Commission,  1902;  Deductions 

HY  (iEOKGE  HlGGlXS,  MeLBOUKNE,   1904. 
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casing   a 
Duld  give 
discharg 
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Test 

oo» 

o-sa 

velecity  of 

arge  pipe,  i 

second. 

o  a  5* 

«i-i  P'gsM 

of 
dredge. 

Num- 
ber. 

ntial  velo 

3riphery 

feet  pel 

w 

ntial  velo 
t-off  lip 
g,  in  feet 
"'i 

ft--| 
1^ 

»i 

radius 
t,  which 
velocity 

pipe,  in 

Remarks. 

Tange 
at  ci 
casin 

5 

(V 

(If  lip  be  removed,   Wi   be- 

Gamma. . 

1 

21.33 

21.33 

13.76 

4.13 

4.46 

\     comes  18.2ft.  and  loss  of 

(     head  becomes  2.2  ft. 

(If  lip  be  removed,  ?t',  be- 

Delia.  ... 

3 

41.77 

39.83 

17.02 

20.00 

8.60 

l     comes  36.5  ft.  and  loss  of 
(     head  becomes  16.2  ft. 

Epsilon.. 

2 

40.45 

32.34 

20.90 

9.45 

5.56 

Iota 

3 

44.55 

34.81 

18.18 

13.70 

7.70 

Kappa. . . 

5 

41.65 

38.10 

21.40 

15.40 

6.81 

Note:  There  are  three  ways  of  diminishing  the  loss  of  head  attending  the  change 
of  velocity  from  w  to  »■„:  (1 )  as  in  the  case  of  tlie  Gamma's  pump,  great  recurvature  of 
the  vanes  will  enable  some  of  the  velocity  head  to  be  converted  into  pressure;  (2)  the 
casing  may  be  made  large  enough  to  allow  the  water  to  whirl  in  a  free  vortex  until  the 
desired  velocity  is  obtained  at  the  outlet;  and  (3)  the  outlet  opening  may  be  small,  and 
a  pipe  fixed  thereto  which  enlarges  in  area  gradually  until  the  area  is  that  of  the  pipe. 
A  combination  of  the  three  methods  is  recommended  in  ordinary  practice. 

The  writer  desires  to  ask  Mr.  Maltby  why  it  is  that  the  gauge 
readings  shown  upon  the  pump  drawings  (Plates  36-40  of  Mississippi 
River  Commission  Report)  do  not  correspond  with  any  of  the 
experiments  referred  to  on  page  156  of  said  report,  referring  par- 
ticularly to  the  "Delivery  Head"  in  Column  8.* 

In  the  writer's  previous  communication  he  questioned  the  ac- 
curacy of  the  common  cxiircssion, 1    for  the  head  imparted  to 

the  water  by  the  runner  of  a  centrifugal  jnimp,  because  it  was  not 
clear,  at  first  sight,  that  this  ex-pression  would  be  the  correct  one  for 
the  sum  of  the  velocity  head  and  the  pressure  head  possessed  by  the 
water  leaving  the  runner.  The  step  in  the  reasoning  which  seemed 
to  him  to  be  doubtful  was  where  the  change  of  angular  momentum 
of  the  water  per  second  was  multiplied  by  the  angular  velocity  of 
the  runner,  and  the  product  called  the  work  done  ])er  second.  How- 
ever, he  thinlvs  that  since  he  wrote  he  has  seen  how  the  intermediate 

steps  in  the  reasoning  can  be  supplied  and  the  expression, — ■> 

*  Note  by  Editor. — This  communication  was  received  before,  and  presented  to,  the 
Congress.    What  follows  was  sent  by  Mr.  Higgins  a  month  later. 
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Mr.  Higgins.  established.  Possibly,  to  many  persons,  no  intermediate  steps  in 
reasoning  are  necessary;  but,  to  the  writer,  it  seems  a  long  jump 
from  the  familiar  proof  of  the  equation 

ml .  S  V  =  pi  .  S  t. 
(where  a  force,  p,  acts  at  the  center  of  gravity  of  a  body  of  mass,  m, 
at  distance,  I,  from  a  fixed  point,  prodiicing  an  increment  in  velocity, 
S  V,  at  right  angles  to  I  in  time  S  t)  to  the  statement  that,  when  a 
rotating  wheel  causes  angular  acceleration  and  other  motion  in  a 
mass  of  water,  the  ang-ular  velocities  of  wheel  and  water  being 
different,  the  angular  impulse  of  the  wheel  is  equal  to  the  change  of 
angular  momentum  of  the  water. 

For  instance,  if  the  smaller  of  two 
solid  wheels,  A,  whose  radius  is  i?^, 
has  a  force,  P,  applied  to  its  rim,  and 
this  force  is  transmitted  to  the  rim  of 
the  larger  wheel,  B,  whose  radius  is  J?^, 
both  wheels  being  free  to  rotate  about 
fixed  axes,  then,  neglecting  friction  and 
the  weight  of  A,  and  confining  our  attention  to  the  effect  of  P  in  produc- 
ing acceleration  in  the  rim  of  B,  which  weighs  TFlb.,  we  have,  at  the 

end  of  a  second,  an  angular  velocity,  — nr,  in  A  and  Wv,-^  in  B.     The 

Bb 

W  B 

change    of    angular    momentum    of    B    is   —  .   zn  ^p'^    .    Bg    .    Bg 

9  Bg 

W 
= —    B i  .  Bii  .  a  =-  angular  impulse  for  1  sec.  on  B  ^  B  .  B^. 

This,   of  course,  is   not  equal  to  the  angular  imi)ulse    on  ^1,  viz., 

P.Ra- 

Nevertheless,  the  work  done  per  second  by  P  on  J.  is  equal  to  the 
work  done  on  B  per  second,  i.  e., 

xpXB^zo  =  i  B  .Bszs-^''. 

So  here  we  have  an  illustration  of  a  case  where  a  rotating  driv- 
ing body.  A,  causes  an  angular  velocity  in  another  body,  B,  and 
while,  of  course,  the  work  expended  is  equal  to  the  work  done,  yet 
the  change  of  angular  momentum  of  B  is  not  a  measure  of  the 
angular  impulse  of  A.  Now,  in  some  respects,  B  resembles  the 
mass  of  water  in  a  centrifugal  pump  and  A  resembles  the  runner. 
It  is  excusable,  therefore,  to  ask  if  it  is  self-evident  that  the  change 
of  angular  momentum  in  a  rotating  mass  of  water  is  a  measure  of 
the  angular  impulse  of  a  runner  which  rotates  with  an  angular 
velocity  different  from  that  of  the  water.  The  similarity  between 
the  two  cases  is  more  apparent  when,  by  means  of  suitable  inter- 
mediate gearing,  B  and  A  rotate  about  the  same  axis,  but  at  different 
rates. 


DISCUSSIOX    ON   DREDGES. 


489 


Fig.  49. 


Anotlier  stumbling  block  is  this : 

Suppose  Fig.  49  represents  a  runner,  and  the 
space  between  the  dotted  line  and  the  periphery 
is  just  large  enough  to  hold  W  lb.  of  water, 
which  is  the  quantity  assumed  to  leave  the  run- 
ner in  1  sec.  Now,  during  the  second  in  which 
this  particular  W  lb.  leaves  the  runner,  the  run- 
ner is  exerting  pressure  upon  other  masses  of 
water,  some  of  which  were  in  it  at  the  commence- 
ment of  the  second  considered  and  some  entered  during  that  second. 
It  seems  reasonable,  then,  to  ask  if  it  is  self-evident  that  the  angular 
impulse  of  the  runner,  during  the  second  considered  (which  ang-ular 
impulse  is  exerted  upon  other  masses  of  water  as  well  as  the  W  lb. 
just  leaving  the  runner),  is  to  be  measured  by  the  change  of  angulav 
momentum  undergone  by  the  particular  W  lb.  leaving  the  runner. 

To  some  persons,  perhaps,  these  questions  may  seem,  unnecessary. 
They  are  mentioned  in  order  to  explain  how  some  uncertainty  in  the 
writer's  mind  as  to  the  correct  way  of  answering  them  led  to  his 
error,  and  he  will  next  explain  the  answers  that  have  occurred  to  him. 

In  the  first  place,  a  little  consideration  shows  that  the  analogy 
of  the  solid  wheels,  A  and  B,  does  not  hold  at  all.  The  angular  im- 
pulse of  A  has  nothing  whatever  to  do  with  that  of  B.  It  is  the 
force  exerted  on  the  rim  of  B  that  has  to  be  considered,  and  its  im- 
pulse is  P  i?£,  irrespective  of  what  diameter  A  may  have  or  whether 
or  not  A  be  a  wheel  at  all.  Further,  the  acceleration  undergone  by  n, 
band  containing  W  lb.  of  water  in  a  runner  of  a  centrifugal  pump 
is  not  merely  angular,  but  partly  radial  also,  because  the  band  ex- 
pands in  diameter  as  it  moves. 

Secondly,  in  Fig.  50,  let  the  con- 
centric spaces  in  the  runner,  viz., 
1,  2,  3  ...  n,  be  each  capable  of  con- 
taining W  lb.  of  water,  W  being  the 
weight  that  leaves  the  runner  in  one 
second. 

During  one  second,  the  contents 
of  Space  1  will  be  discharged  from 
the  periphery,  and  the  effect  of  the 
pressure  of  the  vanes  upon  them  will 
be  a  certain  change  of  angular  mo- 
mentum. During  the  same  second, 
the  contents  of  Space  2  will  enter  and  occupy  Space  1,  and  the 
effect  of  the  pressure  of  the  vanes  on  these  particles  will  be 
exactly  the  same  as  that  produced  in  the  previous  second  on  the 
W  lb.  now  leaving  Space  1.  Similarly,  the  contents  of  the  Spaces  3, 
4  ...  71,  undergo  accelerations  equal  to  those  undergone  during  pre- 


Mr.  Higgins. 


Fig.  50. 
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Mr.  Higgins.  vious  secoiids  by  the  W  lb.  now  leaving  the  niiiner.  Each  particle 
takes  n  sec.  to  pass  through  the  runner.  Therefore,  the  total  ac- 
celeration undergone  by  any  W  lb.  which  have  passed  through  the 
runner  is  equal  to  that  imparted  by  the  runner,  during  ]  sec,  to 
all  the  water  within,  or  entering,  the  runner  during  that  second. 
So,  in  estimating  the  energy  possessed  by  the  W  lb.  leaving  the 
runner  during  any  second,  we  may  consider  that  energy  equal  to 
the  work  done  on  all  the  particles  within,  or  entering,  the  iimner 
during  that  second,  that  is,  the  work  done  by  the  runner  per  second. 
The  pressure  exerted  by  each  vane  on  the  water  passing  in  front 
of  it  will  have  a  resultant  at  a  radius,  z.  The  resultant  pressures  of 
all  the  vanes  will  act  at  points  lying  on  a  circle  whose  radius  is  z. 
If  P  denote   the  sum  of  the  pressures  ex- 

P 

erted  bv  all  the  JV  vanes.  ,_  will  he  tlie  total 

JSf 

pressure  exerted  by  one  vane.  Let  x  be  the 
perpendicular  distance  of  the  line  of  action 
P 


of   :,-r  from  the  center  of  the  runner. 


Then 


the  angular  impulse  per  second  of  that  vane 


Fig.  51. 


W 


Let  6  denote  the  angle  between  the  direction  of   ^  and  the  dii-ec- 

tion  of  motion   of  the   point  where  the  resultant  pressure  acts.     This 
direction  of  motion  is  tangential  to  a  circle,  concentric  with  the  runner. 

P 


Then  the  resolved  part  of  ^  in  the 


direction  of  motion  of    the  said 


point  of  action  of  the  resultant  =  ^  cos.  0. 

Now   X  ^  z  cos.  6 

.  • .  the  angular  impidse  of  the  vane  per  second 
P 


'N 


z  cos.  6 


=  product  of  the  tangential  resolved  part  of  the  result- 
ant pressure  into  the  radius,  z. 

The  total  angular  impulse  of  the  whole  runner,  tlierefore,  per  sec, 

=  P  cos.  6X2. 
Although  this  angular  impulse  is  not  acting  upon  one  and  the  same 
mass  of  water  during  the  second,  yet,  as  shown  above,  the  equivalent 
of  this  angular  impulse  will  be  the  total  angular  momentum  ])ossessed 
by  the  TFlb.  of  water  which  leave  the  runner  per  second. 

If  V  be  the  absolute  velocity  of  each  particle  of   water  as  it  leave.s 


Fig.  52. 


w     ^ 

w     ,^ 

—    ir  it  a  = 
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the    runiRT.  and   //  the   ])('r])('n(licul;u'     distaiUH'    of  the  direction   oi'  r  Mr.  Higgius. 
from  the  center,  tlien  tlie  change  of  aniiular  inonieutuni  in  the  W  11). 
](>aviny  dnring  a  second 

—   .^r  1/  = (!•  Ji 

,'/      •  .'/ 

where  TF  is  the  tangential  component  of  v. 
We  have,  therefore,  for  one  sec, 
Totiil    angular  imjiulse   =   total  change  of 
angular  momentum,  i.e., 

W 
Pcos.  OXz=z  —  n-  E. 
il 

The  work  done  per  sec. 

=  P  COS.  (J  X  .c  X  nr 

A  few  remarks  may  be  made  on  this  result: 

1. — The    expression,    ,    represents    the    energy    possessed     by 

each  pound  of  water  as  it  leaves  the  runner,  or,  rather,  the  total 
•energy  which  has  been  imparted  to  each  pound  by  the  runner,  for, 
in  practice,  the  energy  possessed  will  be  less  than  the  energy  imparted 
by  a  certain  amount  which  is  lost  through  friction.  This,  however, 
we  need  not  consider  at  present.  Now,  if  the  energy  of  a  rotating 
mass  of  fluid  be  simply  due  to  the  motion  which  has  been  imparted 
to  it,  one  might  expect  that  any  expression  for  that  energy  would  be 
in  terms  of  the  fluid  motion  only,  and  would  not  involve  the  velocity 
of  the  body  which  caused  that  motion.  To  some  persons  an  ex- 
planation of  the  reason  for  Y ,  appearing  in  the  above  expression, 
may  appear  necessary,  because  it  is  conceivable  that  the  same 
amount  of  energy  as  that  possessed  by  the  rotating  mass  of  water 
could  have  been  communicated  to  it  by  quite  other  means. 

Let  us  consider  the  action  of  a  vane  on  the  water  in  front  of  it. 
In  a  frictionless  fluid,  the  pressure  between  vane  and  water  will  be 
normal  to  the  vane.  The  pressure  at  each  point  of  a  vane  may  be 
resolved  into  its  rectangnilar  components,  radially  and  tangentially. 
Each  component  will  do  its  share  of  work  on  the  water  passing  the 
point.  The  radial  component  causes  acceleration  and  does  work  in 
a  radial  direction.  The  tangential  component  causes  the  rotary 
motion  in  the  water.  [At  present,  for  the  sake  of  simplicity,  it  is 
assumed  that  the  water  moves  outward  from  the  center  of  the  run- 
ner in  expanding  bands,  and  that  each  particle,  on  arriving  at  a  cer- 
tain distance  from  the  center,  will  possess  a  velocity  and  pressure 
which  will  depend  upon  its  distance  from  the  center  only.  Later 
on,  the  effect  of  deviation  from  this  steady  kind  of  motion  will  be 
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Mr.  Higgins.  considered.]  Now,  in  consequence  of  its  rotary  motion,  each  par- 
ticle will  exert  its  centrifugal  force  on  the  particles  outside  it,  and 
the  total  head,  caused  by  the  sum  of  all  such  forces,  is  to  be  found 
by  integration.  Centrifugal  force  tends  to  cause  radial  accelera- 
tion. If  the  vanes  are  radial,  the  radial  components  of  their  press- 
ures =  0.  Therefore,  in  such  a  case,  the  only  cause  of  the  outward 
flow  is  centrifugal  force.  Again,  when  the  vanes  are  radial,  the 
angular  velocity  of  the  water  is  uniform,  and  it  can  be  shown  that 

the  head,  or  energy  per  pound,  arising  from  centrifugal  force,  is  ^^— . 

where  w  is  the  tangential  component  of  the  velocity  at  the  periphery. 
If  u  denote  the  radial  component  of  the  velocity  at  the  periphery, 

then  the  corresponding  kinetic  energy  per  pound  =:r;^7  and,  there- 
fore, the  pressure,  arising  from  centrifugal  force  (which  corresponds 

(0^  —  u^ 
to  potential  energy^  = ^^ per   pound   of   water.       This    is   all 

the  potential  energy  which  a  runner  with  radial  vanes  imparts  to 
each  pound  of  water.  Now,  if  v  is  the  acttial  velocity  of  each  par-^ 
tide  of  water,  as  it  leaves  the  periphery,  the  kinetic  energy  per  pound 

=  -:z—  =  7^ .        So  that   the  total  energy   imparted  to   each 

2  g  2  g 

pound  of  water  by  a  runner  with  radial  vanes  =  —  =  — ,    because 

V    (the  tangential  velocity  of  the  runner  is  in  this  case)  =  w. 

With  radial  vanes,  therefore,  the  formula  seems  correct.  When 
we  come  to  deal  with  runners  in  which  the  vanes  are  curved  back- 
ward, we  find  that,  in  addition  to  centrifugal  force,  there  is  also 
the  outward  thrust  of  the  vanes  tending  to  accelerate  the  water 
radially.  Compare  two  runners,  one  with  radial  vanes  and  the  other 
with  backward  curved  ones,  and  suppose  their  speeds  adjusted  so 
that  w  and  u,  and,  consequently,  their  resultant,  v,  are  the  same  at 

the  periphery  of  each.     The  kinetic  energy  per  pound,  viz.,  ^r- ,    is 

the  same  in  each  case.  Let  us  suppose  that  the  backward  curved 
vanes  are  so  shaped  that  the  angular  velocity  of  the  water  is  uniform 
in  the  runner  containing  them.  [This  is  not  necessarily  equal  to  the 
angular  velocity  of  the  water  in  the  runner  with  radial  vanes.     The 

angular  velocity  will  be  t-,,  where  E  is  the  radius  of  the  runner,  and 

R  may  have  different  values  in  the  two  cases.]     In  both  cases,  the 

energy  per  pound  due  to  centrifugal  force  will  be  -^  .      But,  in  the 
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case  of  the  runner  with  curved  vanes,  part  of  the  radial  velocity  Mr.  Higgins. 

will  be  due  to  the  radial  components  of  the  pressures  of  the  vanes; 

therefore,  we  cannot  now  say  that  the  potential  energy  per  pound  Is 

v;^  —  «2 

:j— — .     The  potential  energy  will  be  greater  tlian  that.     It  does 

not  appear  to  be  easy  to  prove  in  any  particular  case  that  the  differ- 
ence in  potential  energy  is  represented  by 

but  we  may  see  the  reasonableness  of  the  proposition,  as  follows : 
The  radial  acceleration  caused  by  the  vanes,  being  zero  when  there 
is  no  backward  curvature,  will  increase  with  the  amount  of  back- 
ward curvature  up  to  a  certain  point.  The  greater  the  backward 
curvature,  the  greater  must  V  be  made  in  order  to  give  a  certain 
value  for  w.  Now,  when  the  radial  acceleration  caused  by  the  vanes 
increases,  that  caused  by  centrifugal  force  diminishes;  consequently, 
the  potential  energy  per  pound,  represented  by  pressure  arising  from 
centrifugal  force,  increases.  In  other  words,  the  total  energy  in- 
creases with  V. 

The  latter  part  of  the  foregoing  argument  may  be  made  clearer 
by  remembering  that  u  consists  of  two  parts,  viz.,Vyy  caused  by  the 
radial  pressure  of  the  vanes,  and  v^.,  caused  by  the  centrifugal  forces. 

The  total  head  caused  by  centrifugal  forces  — -    ,  -,  and,  as    -^     of 

'2g  2  g 

this  is  velocity  head,  the  pressure  liead  -=^  ''  .    Xow,  tlic  lurircr 

■2g 

u^  is,  the  smaller  is  »g,  and,  therefore,  the  pressure  head  is  large';. 
It  was  said  above  that  the  radial  acceleration  caused  by  the 
vanes  will  increase  with  the  amount  of  backward  curvature  up  to  a 
certain  point.  The  qualification  of  statement  here  refers  to  the 
case  where  a  vane  curves  backward  so  much  toward  the  outer  end 
that  the  radial  acceleration,  already  imparted  by  vane  pressures 
nearer  the  center  and  by  centrifugal  forces,  causes  the  water  to 
leave  the  face  of  the  vane  before  the  periphery  is  reached. 

2. — Eeferring  to  Fig.  51,  it  may  be  remarked,  in  passing,  that  the 

P 

direction  of  the  resultant  pressure,  y-  on  a  vane  is  not  necessarily 

normal  to  the  vane  at  the  point  where  it  acts,  although,  as  the  liquid 
is  assumed  to  be  frictionless,  each  element  of  pressure  is  normal  to 
the  vane  at  the  point  of  its  application.  Further,  the  direction  of 
motion  of  any  particle  in  contact  with  a  vane  is  not  generally  nor- 
mal to  the  vane,  but  is  determined  by  the  accelerations  previously 
communicated  to  it,  and  by  the  degree  of  confinement  imposed  upon 
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Mr.  Higgins.  the  water  in  the  runner  by  the  water  in  the  casing  outside  the 
periphery.  This  confinement  must  be  recognized,  although  it  intro- 
duces the  conception  of  fluid  friction. 

3. — It  is  interesting  to  compare  the  efl'ect  of  angular  acceleration 
of  a  liquid  with  that  of  a  solid,  because,  although,  in  a  solid  body, 
centrifugal  force  exists,  yet  it  does  no  work,  and  there  is  nothing 
analogous  to  fluid  pressure;  and,  as  fluid  pressure  is  equivalent  to 
potential  energy,  it  can  be  inferred  that  the  energy  possessed  by  a 
band  of  water  of  given  weight,  leaving  a  runner  with  given  angular 
momentum,  will  be  greater  than  that  of  a  solid  ring  of  the  same 
weight,  possessing  the  same  angular  momentum.'  Suppose  the  rim 
of  a  wheel  to  weigh  W  lb.,  the  weight  of  the  remainder  of  the  wheel 
being  negligible,  and  let  a  tangential  force,  P,  act  at  the  center  of 
gravity  of  a  cross-section  of  the  ring.  Let  iv  be  the  tangential 
velocity  of  the  ring  at  the  end  of  1  sec,  the  ring  having  started  from 
rest  at  the  beginning  of  the  second,  then  the  change  of  angular 

momentum  =    —  w  B,   and  this  is  equal  to  the  angular  impulse, 

P  B.     But  the  distaiice  traveled  by  each  point  on  the  rim  =    j  v. 
Therefore,  the  work  done  = 

W  WW 

i  P  R  GO   =   ^    ~  W  R  GO  ^    i    —   w   V  =    i   —     u^. 

.  g  .  g  .  y 

Now,  as  previously  found,  the  work  done  in  imparting  the  change 
of  angular  momentum,  — 'w  -R,to  the  1^  lb.  of  water  which  leave  the 

runner  in  a  second  =  — ir  V  or  twice  that  in  the  case  of  the  solid. 

The  water,  accelerated  in  this  way,  starts  from  rest  at  the  center  of 
the  runner,  and  receives  the  said  acceleration  in  n  sec.  (see  Fig.  50). 
Of  course,  a  hollow  ring,  say,  of  metal,  full  of  water,  which  has 
no  motion  relatively  to  the  ring,  would  have  its  water  accelerated 
in  exactly  the  same  manner  as  if  the  whole  ring  were  solid.  The 
difference  between  this  case  and  the  case  of  the  water  leaving  the 
runner  of  a  centrifugal  pump  lies  in  the  fact  that  the  pump  is  con- 
tinually accelerating  fresh  particles  of  water  and  discharging  them 
when  they  possess  a  certain  angular  momentum  and  pressure.  W 
lb.,  leaving  the  runner  in  this  way,  as  an  expanding  band,  are  under 
a  pressure  arising  from  the  centrifugal  force  of  all  the  particles  be- 
tween the  band  and  the  center,  whereas  the  particles  in  the  hollow 
metal  ring  have  only  their  own  centrifugal  forces  to  cause  increase 
of  pressure  toward  the  outer  circumference.  Seeing  that  there  is  a 
tendency  to  form  a  vacuum  at  the  inner  circumference  of  the  ring, 
there  will  be  no  gain  of  pressure  on  the  whole;  it  is  not  as  though 
all  the  particles  had  communicated  to  them  the  pressure  existing  in 
the  outermost  layers. 
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Fig.  53. 


4. — Let  us  now  consider  the  probable  accuracy  of  our  assumption  Mr.  Higgins. 
that  the  water  leaves  the  runner  at  all  points  of  the  periphery  with 
the   same  velocity   and   pressure.     If   the   runner 
were  discharj^ing  freely  into  space  instead  of  into 
a  casing  containing  water  under  pressure  and  in 
a  state  of  whirl,  then  the  stream  between  each 
pair  of  vanes  would  tend  to  lie  close  to  the  driv- 
ing faces  of  the  vanes  and  to  leave  the  reverse 
faces.     Wlien  the  outlet  is  obstructed  by  a  whirl- 
ing mass  of  water  under  pressure,  there  will  still 
be  the  tendency  for  the  streams  to  keep  closely 
in   touch   with   the    driving   faces    of   the   vanes 
and  to   leave  eddies   or   dead   water   in   the   other   portions   of   the 
passages.     It    seems    evident    that    in    actual    centrifugal    pumps, 
delivering  water,  the  velocity  of  the  water  which  issues  from  the 
periphery  will  not  be  uniform,  but  will  be  greatest  in  the  layers 
close  to  the  driving  faces  of  the  vanes.     There  will  be  little  or  no 
velocity  relatively  to  the  vanes  near  the  backs  of  the  vanes.     The 
result  will  be  that  the  mean  velocity,  radially,  of  the  particles  which 
issue  from  the  runner  will 
be   greater   than   that   as- 
sumed.    Fig.  54  is  a  dia- 
gram of  velocities  plotted 
from  the  result  of  Experi- 
ment No.  2  with  the  Ep- 
silon's   pump.         The    as- 
sumed   radial    velocity,  u 
=  8.53,  is  shown  in  a  full 
line,  also  the  velocity,   V 
=  49.G6,  which  the  runner 
has  at  its  periphery.    The 

deduced  velocities,  w,  v,  and  v,.,  are  also  plotted  in  full  lines, 
II,  =  40.45,  being  the  tangential  velocity  of  the  water,  v,  the  actual 
velocity  of  the  water,  and  i\  the  velocity  relatively  to  the  vanes. 
Consider  what  will  be  the  result  if  the  mean  radial  velocity  is 
double  that  corresponding  to  uniform  flow.  The  dotted  diagram 
shows  how  the  various  components  of  the  velocities  of  the  water 
change.  It  will  be  noticed  that  v  is  lessened  by  5.6  ft.  per  sec,  and 
that  w  is  lessened  by  9.4  ft.  per  sec. 

This  seems  to  the  writer  to  indicate  why,  in  Mr.  Maltby's  experi- 

w  V 
ments,  the  horse  power,  calculated  on  the  assumption  that    --  repre- 
sented the  work  done  per  lb.  of  water,  was  found  to  be  generally 
greater  than  the  indicated  horse  power;  for  the  kinetic  energy  =  _ 
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Mr.  Higgins.  per  lb.  of  water,  and  the  potential  energy  depends  upon  xv"^,  and  both 
of  these  are  lessened  if  the  radial  flow  be  not  uniform.  This  means 
that  the  runner  does  not  really  impart  the  change  of  angular  momeu- 

turn,    — -to  B  per  sec,  but  a  smaller  quantity. 

Some  laborious  researcli  lies  before  those  who  will  succeed  in 
establishing  a  reliable  formula  for  the  work  done  by  the  runners  of 
centrifugal  pumps.  In  the  meantime,  such  experiments,  as  the 
writer  has  been  able  to  examine,  seem  to  show  that  a  fair  approxima- 
tion to  the  power  required  to  drive  a  centrifugal  pump  is  arrived  at 

when  it  is  assumed  that  the  theoretical  energy  per  pound  of  water  =  —  ■ 

Mr.  venabie.  WiLLiAM  Mayo  VenabI;E,  Assoc.  M.  Am.  Soc.  C.  E.,  New  York 
City.  (By  letter.) — Mr.  Maltby's  paper  is  exceedingly  interesting  and 
valuable  because  it  contains  much  data  that  are  not  readily  obtain- 
able. The  expense  of  conducting  tests  such  as  those  carried  on  by 
the  Mississippi  River  Commission  is  so  great  as  to  place  such  worli 
out  of  reach  of  most  investigators.  The  field  of  the  paper  is  broad, 
there  being  many  engineering  problems  connected  with  the  subject 
of  dredges  that  have  little  to  do  with  the  actual  construction  of  the 
pumping  machinery.  It  is  with  the  latter  that  the  present  writer 
is  chiefly  interested,  and  he  confines  his  discussion  of  this  paper  to 
that  part  of  it  which  deals  with  the  centrifugal  pumps  as  pumps, 
and  not  as  devices  for  moving  sand. 

The  writer  does  not  think  that  the  conclusions  reached  by  Mr. 
Maltby,  as  to  the  efiiciency  and  relative  merits  of  these  pumps,  are 
justified  by  the  data  given  in  his  paper,  or  that  the  theories  ad- 
vanced, regarding  the  manner  in  which  the  useful  work  to  be 
credited  to  the  pump  should  be  measured,  are  correct. 

It  appears  to  the  writer  that  Equation  1  on  page  406  is  not  justi- 
fied theoretically,  and  that  it  is  not  sufficiently  close  to  the  truth, 
when  applied  practically,  to  sanction  its  use;  and  the  writer  pre- 
sents here  his  reasons  for  differing  with  this  equation,  first,  on  the- 
oretical grounds,  and,  second,  on  practical  grounds. 

If  the  velocity  of  water  in  the  pipes  at  the  pressure  developed  by 
the  pumps  were  absolutely  steady,  and  if  piezometer  tubes  were  in- 
serted into  the  centers  of  the  pipes  and  turned  so  as  to  present 
orifices  facing  the  direction  of  the  current  on  both  the  suction  side 
and  the  discharge  side  of  the  pump,  as  in  Eig.  55,  the  difference  in 
the  readings  of  gauges  attached  to  these  two  piezometer  tubes  re- 
ferred to  the  same  zero  would  be  the  actiial  total  head  developed  bj' 
the  pump,  for  it  would  be  the  sum  of  the  velocity  head  and  the 
pressure  head  on  the  discharge  side,  less  the  sum  of  the  velocity 
head   and  pressure  head   on  the   suction  side,   with  no   disturbing 
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cause  but  the  puinp  between:  but  where  piezometer  tubes  are  placed  Mr.  Venabie. 
parallel  to  the  flow  at  the  outside  boundary  of  the  pipe,  they  measure 
the  pressure  at  that  point,  which  is  not  the  same  as  the  pressure  in 
the  center  of  the  tube,  and  is  not  the  same  as  the  mean  pressure 
throughout  the  stream.     It  is  not  permissible  to  take  a  measurement 


^ 


Discharge  piezometer  tube 


of  pressure  at  that  location  and  add  to  it  the  mean  velocity  head  or, 
more  correctly  speaking,  the  head  corresponding  to  the  mean 
velocity.  Neither  will  the  readings  taken  with  piezometer  tubes  so 
located,  even  if  the  very  greatest  care  is  taken  to  make  the  orifices 
normal  to  the  direction  of  the  stream,  or  to  make  them  so  small  that 
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Mr.  Venabie.  disturbing  influences  will  be  eliminated,  be  sufficiently  accurate  if 
the  pump  produces  pulsating  or  fluctuating  pressvires  and  velocities, 
such  as  are  produced  by  centrifugal  pumps.  The  error  that  will 
arise  from  such  pulsations  will  depend  partly  upon  the  frequency 
of  pulsations  of  the  punips  themselves  and  partly  upon  the  length 
of  the  column  of  water  against  which  they  act  (in  the  case  of  these 
dredges,  the  length  of  the  discharge  pipe),  and  partly  upon  the 
elasticity  of  the  walls  of  the  discharge  pipe,  or  the  air  cushion  inter- 
posed between  the  pump  and  the  discharge  pipe,  if  there  is  any.  In 
the  cases  where  the  velocity  head  is  a  very  considerable  portion  of 
the  total  head  produced  by  the  pump,  the  error  due  to  these  causes 
may  be  very  great. 

Bernouilli's  theorem  applies  to  water  in  pipes  where  there  is 
head  lost  in  friction,  as  well  as  to  those  where  there  is  no  friction, 
if  it  is  corrected  to  allow  for  the  friction  head  lost.  Such  a  correc- 
tion is  very  difficult  to  make  in  the  case  of  pipes  of  varying  form, 
but  it  is  not  difficult  in  the  case  of  straight-line  flow  where  the 
friction  acts  against  the  motion  of  every  stream.  In  this  case,  the 
case  of  a  stream  in  a  smooth,  straight  pipe,  the  friction  head  in  any 
given  length  of  the  stream  is  the  same  for  every  element  or  stream- 
let, consequently  the  sum  of  the  velocity  head  and  the  pressure  head 
must  be  equal  at  each  point  across  the  section  of  a  straight  pipe. 
{The  condition,  of  course,  that  the  points  considered  are  distant 
from  the  ends  of  the  pipe  or  from  elbows  and  bends  is  assumed.  If 
this  distance  is  many  times  the  diameter  of  the  pipe,  the  condition 
of  straight-line  flow  is  fulfilled.) 

As  Mr.  Maltby  measured  the  pressure  at  the  surface  of  the  pipe, 
his  formula,  which  assumes  that  the  pressure  head  at  that  point 
can  be  taken  as  the  total  pressure  head  and  added  to  the  velocity 
head  to  obtain  the  total  head,  is  inaccurate.  The  error  of  that  as- 
sumption would  be  very  small  in  the  case  of  pumps  developing  very 
high  pressures  and  forcing  water  through  pipes  at  low  velocities,  but 
it  appears  to  the  writer  that  the  velocities  produced  in  the  discharge 
pipes  of  dredges  are  so  high  that  the  difl^'erences  in  pressure  through- 
out the  cross-section  of  the  stream  within  the  pipe  cannot  be  ignored. 

Moreover,  it  is  not  legitimate  to  use  the  square  of  the  mean 
velocity  of  the  streamlets  instead  of  the  mean  of  the  squares  of  the 
velocities  of  the  streamlets  in  determining  the  mean  velocity  head 
in  the  pipe. 

Referring  to  the  diagrams  given  in  the  paper  on  the  flow  of  water 
in  pipes,  by  Messrs.  Williams,  Ilubbell  and  Fenkell,'^'  for  Ifi^Vin-  pipe, 
and  to  Traverse  No.  93,  it  will  be  seen  that,  in  the  experiments  there 
reported,  the  velocity  as  near  to  the  pipe  surface  as  it  can  be  meas- 
ured was  only  1  ft.  per  sec,  while  the  velocity  near  the  center  of  the 
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pipe  was  Y.75  ft.  per  sec.  These  experiments  indicate  that  the  Mr  Venabie. 
actual  velocity  of  the  water  where  it  is  in  contact  with  the  wall  of 
the  pipe  is  zero,  and  this  mnst  be  the  case  theoretically,  provided 
there  is  adhesion  between  the  water  and  the  material  forming  the 
pipe.  Other  experiments  recorded  in  the  discussion*  of  that  valuable 
paper  indicate  the  same  thing,  although  in  these  other  experiments 
measurements  are  not  shown  as  close  to  the  bounding  surface  of  the 
pipe  as  in  the  experiments  by  Messrs.  Williams,  Hubbell  and  Fenkell.  "^ 
Now,  if  the  pipe  were  perfectly  smooth  and  straight  and  the 
piezometer  tube  had  an  opening  indefinitely  small  at  the  surface  and 
normal  thereto,  the  velocity  of  the  water  at  the  surface  being  zero,  the 
reading  of  such  a  piezometer  would  be  the  same  as  that  of  a  piezo- 
meter placed  as  in  Fig.  55,  but  it  is  impossible  to  obtain  a  perfectly 
smiooth  tube  of  considerable  length,  and  it  is  impossible  to  make  a 
piezometer  with  an  opening  indefinitely  small,  and,  in  consequence, 
the  reading  of  the  piezometer  is  of  a  pressure  head  less  than  that 
which  exists  between  the  surface  of  the  pipe  and  the  water,  for  the 
reason  that  the  effective  opening  of  the  tube  is  projected  a  short 
distance  into  the  stream  because  of  the  roughness  of  the  pipe  and 
the  size  of  the  opening. 

All  the  measurements  in  the  paper  on  the  flow  of  water  in  i^ipes 
just  referred  to  are  concerned  with  velocities  much  slower  than 
those  dealt  with  by  Mr.  Maltby,  but  it  is  evident  from  the  data  given 
in  that  paper  that  the  effect  of  increasing  the  mean  velocity  is  to 
make  the  changes  in  velocity  near  the  surface  of  the  pipe  much  more 
sudden  than  in  the  cases  where  the  velocity  is  slow. 

That  the  pressure  increases  as  the  velocity  diminishes  in  the 
same  chamber  may  be  seen  qualitatively  from  the  diagrams  in 
Fig.  37  on  page  441  of  Mr.  Maltby's  paper,  and  other  diagrams.  In 
that  diagram  is  plotted  a  line  showing  the  readings  of  piezometer 
tubes  connected  at  various  points  in  the  casing  of  the  pump  from 
the  center  out,  and  the  diagram  very  clearly  shows  that  the  pressure 
in  the  casing  increases  from  the  center  to  the  circumference;  that 
it  is  greatest  at  the  circumference  and  not  at  the  ends  of  the  vanes 
where  the  velocity  is  greatest.  At  the  circumference  of  the  vortex 
chamber  in  molecular  contact  with  the  iron  the  velocity  of  the 
water  is  zero,  and  there  tlie  pressure  is  maximum.  The  same  prin- 
ciple holds  in  a  straight  pipe  where  friction  causes  the  difference 
in  velocity  between  the  center  and  tho  periphery,  as  in  a  piinip  where 
friction  and  change  of  section  in  tlic  water  channel  combine  to  re- 
duce the  velocity. 

On  page  407  Mr.  Maltby  refers  to  a  pnpev  l)y  Mr.  \V.  IVf.  Wliite,t 
and,  again,  on  page  420  he  refers  to  a  subsequent  paper  by  the  same 
writer  giving  experiments  illustrating  in  a  very  lucid  manner  the 

*  M.  Bazin.  p.  249.  on  31i-m.  pipe,  and  Mr.  Cole.  pp.  279  and  281. 
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Mr.  Venabie.  principles  involved  in  the  Pitot  tnbe.  This  second  paper  of  Mr. 
White  is  a  valuable  contribution  to  hydraulics  in  that  it  presents  to 
the  eye  certain  vpell-established  principles  regarding  the  conversion 
of  velocity  head  into  pressure  head,  and  vice  versa;  but  Mr,  White's 
first  paper  does  not  appear  to  the  present  vs^riter  to  be  correct.  Mr. 
White  describes  a  velocity  gauge  depending  upon  Bernouilli's 
theorem,  neglecting  friction.  The  investigation  is  defective  from  a 
theoretical  point  of  view,  because  it  neglects  entry  head,  a  form  of 
friction  head  due  to  the  abrupt  change  in  the  bounding  service  of 
the  stream  where  it  enters  the  pipe,  which  is  equal  to  about  one-half 
of  the  velocity  head,  as  ordinarily  calculated.  Mr.  White  has  de- 
veloped a  theory,  and  corrected  his  formula  to  allow  for  entry  head, 
on  the  assumption  that  the  entry  head  is  50%  of  the  velocity  head. 
He  has  assumed  that  he  has  measured  the  velocity  head,  and  without 
giving  any  experimental  verification  of  this  in  his  paper,  he  has 
applied  his  theoretical  results  to  correcting  the  actual  readings  of 
current  meters  which  do  not  agree  with  his  tubes.  A  more  logical 
way  of  proceeding,  under  the  circumstances,  in  developing  a  new 
theory  or  proposing  a  new  type  of  instrument,  would  have  been  to 
calibrate  his  current  meters  carefully,  and  use  them  for  verifying 
his  new  device.  The  factor  which  Mr.  White  actually  did  measure, 
or,  more  correctly  speaking,  the  reason  that  he  got  readings  upon 
his  velocity  meter  to  correspond  somewhat,  when  corrected,  to  the 
actual  velocity  head,  was  the  fact  that  the  entry  head  caused  a 
difference  of  static  pressure  between  the  siiction  basin  and  the  point 
where  his  tube  was  inserted.  The  writer  wishes  to  make  it  perfectly 
clear  that  there  is  no  such  error  in  Mr.  White's  investigations  of 
the  Pitot  tube,  so  far  as  he  is  aware,  but  that  he  takes  exception  only 
to  the  meter  described  by  Mr.  White,  which  consists  of  a  piezometer 
tube  placed  normal  to  the  direction  of  the  flow.  It  should  be  re- 
marked, however,  that  since  the  entry  head  is  a  function  of  the 
velocity,  there  is  a  certain  value  attached  to  these  measurements, 
although  the  reasoning  given  in  Mr.  White's  paper  is  not  correct. 
This  same  error,  or  a  similar  error,  is  inherent  in  the  passages 
quoted  from  Professor  Gregory's  report  on  pages  407  and  408.  Pro- 
fessor Gregory  assumes  several  impossible  things,  makes  a  the- 
oretical assumption  where  there  is  a  theoretically  indeterminate 
quantity,  and  derives  a  result  that  is  directly  contrary  to  the  well- 
established  laws  of  hydraulics.  In  the  first  place,  he  assumes  a 
frictionless  tube  with  a  stream  of  water  flowing  through  it  with  a 
uniform  velocity  (which  must  be  in  a  frictionless  tube),  every 
particle  moving  at  the  same  speed  and  in  the  same  direction;  then 
he  places  square  ends  upon  this  tube  communicating  with  two 
chambers,  and  assumes  that  the  tube  is  still  frictionless  from  a 
hydraulic  point  of  view,  totally  neglecting  the  fact  that  there  must 
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be  entry  head  and  emergence  head  at  these  openings,  and  that  entry  Mr.  Venable. 
head  and  emergence  head  are  of  precisely  the  same  nature  as  fric- 
tion head,  that  is,  that  they  are  caused  by  changes  in  the  velocity 
of  the  particles  of  water  with  reference  to  one  another.  But  if  we 
approach  the  ideal  sought  by  Professor  Gregory  by  making  the  tube 
as  smooth  as  possible,  and  eliminate  the  entry  head  given,  making 
the  form  of  opening'  (in  Fig.  19)  so  that  the  entry  head  is  re- 
duced to  some  3%  of  the  velocity  head  at  X,  and  if  we  still  further 
reduce  the  emergence  head  by  smoothing  the  openings  from  the 
tube  into  the  chamber  L,  and  then  if  we  divide  the  tube  into  two 
parts  at  X,  and  separate  the  parts  so  that  a  jet  of  water  passes  from 
K  to  L,  the  surface  of  the  water  in  K  being  at  A,  and  the  surface  of 
the  water  in  L  being  at  £',  we  have  the  device  illustrated  in  Pro- 
fessor Unwin's  article  on  Hydro-Mechanics  in  the  Encyclopedia 
Britannica  (a  figure  with  which  we  are  all  familiar),  in  which  the 
velocity  at  X  is  shown  to  be,  with  theoretically  perfect  passages,  -due 
to  the  total  head  from  the  surface,  A,  to  the  tube,  1/  TV.  Professor 
Unwin  states  that  experiments  show  that  the  head,  B  E,  may  be  re- 
duced to  as  little  as  3%  of  the  velocity  head  at  X,  while  Professor 
Gregory  makes  the  velocity  head  at  X  equal  to  the  pressure  head, 
B  E.  This  investigation  of  Professor  Gregory  is  like  that  of  Mr. 
White ;  it  is  theoretical  only  and  not  backed  up  by  any  experi- 
ments. As  a  matter  of  fact,  an  ideal  theoretical  investigation 
would  show  that  if  the  tube  were  perfectly  smooth,  and  so  formed 
that  there  would  be  no  friction  head  consumed  by  the  water  passing 
through  it  at  any  velocity,  the  water  at  the  elevation,  A  B,  in  the 
tanks,  K  and  L,  might  be  passing  through  the  tube  at  any  velocity 
whatever,  and  there  might  be  any  velocity  head  at  X,  because  the  head 
required  to  produce  that  velocity  in  the  water  as  it  passes  from  K 
to  L  would  be  exactly  equal  to  the  head  restored  to  the  water  by 
that  velocity  in  the  other  tank.  Professor  Gregory's  reasoning 
would  only  hold  in  the  case  where  there  was  no  entry  head  and 
where  the  emergence  head  in  L  was  entirely  dissipated,  and  that  also 
is  an  impossible  case,  as  has  been  shown  in  Appendix  I  of  the 
writer's  paper,  "The  Principles  of  Design  of  Velocity  Pum.ps,"  pre- 
sented to  this  Congress,  and  which  was  verified  qualitatively  by 
experiments. 

Referring  again  to  Mr.  Maltby's  paper,  it  is  evident  that  this 
error*  in  theory  alone  does  not  greatly  vitiate  his  conclusions  as 
drawn  from  the  data  in  Table  33,  as  the  velocity  calculated  in  the 
suction  side  is  almost  equal  to  that  on  the  discharge  side  in  most  of 
the  tests,  so  that  practically  the  two  errors  offset  one  another  in 
Formula  1.  We  now  come  to  the  practical  objection  to  the  use  of 
piezometer  tubes  located  as  shown,  to  measure  heads  developed  by 
centrifugal  pumps,  which  is  this:  such  pumps  do  not  develop  uni- 
formly steady  heads  or  velocities.     They  develop  pulsating  heads  and 
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Mr.  Venable.  velocities,  as  described  in  the  writer's  paper  before  referred  to,  ami 
these  pulsations  are  the  chief  source  of  difficulty  in  measuring  the 
heads  and  velocities  produced  by  such  pumps  by  the  use  of  tubes. 
Attention  has  been  called  to  this  in  Appendix  IT  of  the  writer's 
paper,  but  as  the  case  has  not  been  proven  mathematically  in  that 
Appendix,  and  as  experiments  have  not  been  made  to  determine 
qualitatively  the  effect  of  known  pulsations  upon  the  readings  of 
gauges  in  long,  straight  pipes,  attention  is  called  to  the  remarks  of 
Gardner  S.  Williams,  M.  Am.  Soc.  C.  E.,  in  his  paper  on  "Turbines 
and  Water  Wheels,"  presented  before  the  Congress.     He  says : 

"The  effect  of  a  vibrating  stream  of  water  acting  along  a  surface 
containing  an  oriiice  is  to  cause  a  gauge  attached  thereto  to  read 
high  on  account  of  the  continued  series  of  blows  delivered  to  it  by 
the  vibrations  of  the  water." 

The  writer  refers  again  to  the  paper  of  Mr.  "W.  M.  White."  in 
which  he  asserts  that  "The  Pitot  tube  was  found  to  give  a  higher 
velocity  than  existed." 

But  it  is  not  necessary  to  go  outside  of  the  data  given  in  Mr. 
Maltby's  paper  to  show  that  there  must  be  some  such  effect  in  the 
case  of  the  pumps  on  the  Dredge  Zeta.  The  data  for  the  following 
discussion  are  contained  in  Table  33. 

The  Zeta  discharged  through  a  pipe  32  in.  in  diameter  and 
1 092  ft.  long.  The  friction  head  calculated  in  it,  according  to 
Weisbach's  formula,  for  the  various  mean  velocities  given  by  Mr. 
Maltby,  is  given  in  .Table  41,  and  shows  how  this  corresponds  with 
the  head  indicated  by  the  tubes.  Were  there  no  error  in  the  gauges 
due  to  pulsations,  we  should  expect  that  these  calculated  heads 
would  differ  from  the  indicated  heads  by  almost  the  same  amount 
in  the  case  of  each  of  the  three  runners  tested,  as  the  pipe  was  the 
same;  but  such  was  not  the  case.  It  is  inmiaterial  for  comparison 
only  whether  Weisbach's  formula  can  l^e  applied  to  the  case  in 
question,  but-  it  is  worthy  of  note  that  the  tubes  indicate  from  10 
to  32%  more  head  lost  in  friction  than  the  formula  would  predict, 
assuming  that  the  pipe  is  submerged  at  its  discharge  end,  and  that 
the  velocity  head  is  all  lost,  as  indicated  in  Plate  XXXVII  of  Mr. 
Maltby's  paper.  Unfortunately,  the  speeds  of  the  engine  in  the  sev- 
eral tests  with  different  runners  do  not  correspond  sufficiently  to  per- 
mit a  complete  study  of  the  comijarative  merits  of  the  different  run- 
ners, but  a  few  readings  at  approximately  the  same  speed  may  be 
compared,  and  these  bear  out  the  statement,  regarding  the  relation 
of  the  number  of  vanes  to  the  head,  in  the  writer's  paper  on 
pumping  machinery;  but  Mr.  Maltby's  conclusions  regarding  the 
relative  efficiency  of  the  runners  are  erroneous,  because  the  piezo- 
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meter  readings  credit  the  poorest  jiuni]!  with  the  greatest  head. 

If  we  neglect  these  readings,  and  make  a  comparison  of  the 
pumps  vipon  the  assumption  that  the  velocity  in  the  discharge  pipes 
was  measured  correctly  with  the  Pitot  tubes,  which  is  a  fair  assump- 
tion, as  the  work  appears  to  have  been  very  carefully  done,  the  dif- 
ference between  the  real  efficiencies  of  the  runners  becomes  apparent. 
The  velocities  are  almost  uniform,  because  the  discharge  pipe  is  1  000 
ft.  long  and  the  water  in  it  of  such  inertia  that  it  could  not  respond 
to  rapid  pulsations  to  any  great  extent. 

For  the  purpose  of  an  approximate  comparison,  we  may  assume 
that  where  velocities  do  not  greatly  differ,  the  friction  heads  are  pro- 
portional to  the  squares  of  the  velocities,  and,  since  the  quantities 
of  water  pumped  are  directly  proportional  to  the  velocities,  the  use- 
ful work  is  proportional  to  the  cubes  of  the  velocities.  Let  us  select 
the  following  readings  from  Mr.  Maltby's  table  in  which  the  pumps 
were  run  at  approximately  the  same  speeds  with  different  numbers 
of  blades  in  the  runners,  and  calculate  the  cubes  of  the  mean  veloci- 
ties there  observed : 


Mr.  Venable. 


Runner. 

Revolutions 
per  minute 

Mean  velocity 

discharge,  in 

feet  per 

second. 

(Mean  velocity 
discharge)^. 

Indicated 
horse-power. 

3  blade 

7-blade 

180 
180 

15.8 
17.9 

3  944 
5  735 

640.9 
770.1 

The    ratio    of    efficiency    of    the    :3-l)lade(l    runner    to  tliat  of    the 
7-hladed  runner  would,  therefore,  be 
3  944  X  770 


r,  735  X  (i41 


=.  S'i.C)  ])er  cent. 


Ajrain  we  .select: 


Runner. 

Revolutions 
per  minute. 

Mein  velocity 

discharge,  in 

feet  per 

second. 

(Mean  velocity 
discharge)^. 

Indicated 
horse-power. 

5-blade 

170 
170 

16.3 
17.0 

4330 
4913 

690 

7-blade 

665 

Tlie  ratio  of  tlie  elticiencie.s  in  tliis  case  is 
4  330  X  mo 

4  in 3  X  m)  =  ^''  1'^'''  '■•'"^- 
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Mr.  Veuable.  Taking  other  examples,  we  have: 


Runner. 

Revolutions 
per  minute. 

Mean  velocity 
discharge,  in 

feet  pei- 

second. 

(Mean  velocity 
discharge  )=>. 

Indicated 
horse-power. 

1  5-blade 

175 
175 
169 
168 

16.4 
17.4 
15.0 
17.0 

4  410 

5  268 

3  375 

4  913 

734 

"1  7-blade 

703.5 

t  3-blade 

"(  7-blade 

524 
639 

The  ratio  of  efficiencie.s  in  these  cases  are  80  and  84%,  re.spectively. 

Between  the  5-bladed  runner  and  the  3-bladed  runner  there 
seems  to  be  little  choice,  and  these  tests  apparently  bear  out  Mr. 
Maltby's  remark  that  the  capacity,  not  the  efficiency,  is  reduced  by 
having  fewer  blades,  but  there  is  a  very  apparent  advantage  to  the 
7-bladed  pump  by  both  methods  of  comparison;  that  is,  by  comparing 
with  the  calculated  predictions  of  Weisbach's  formula  and  by  the 
method  just  used;  but  if  we  refer  to  I"ig.  35  of  Mr.  Maltby's  paper, 
where  the  outline  of  the  runners  is  given,  it  will  be  seen  that  the 
vanes  of  the  3-bladed  pump  and  7-bladed  pump  are  alike,  while 
those  of  the  5-bladed  pump  are  different,  and  this  is  sufficient  to  ac- 
count for  the  poor  showing  of  the  5-bladed  pump  in  comparison  with 
the  others.  Had  the  vanes  in  this  pump  been  like  those  in  the  other 
two  pumps,  it  would  doubtless  have  shown  an  efficiency  intermediate 
between  that  shown  by  the  o-bladed  runner  and  the  7-bladed  runner. 


TABLE  41. 


Revolu- 

Mean velo- 

Delivery 
head  indi- 
cated by 
tubes. 

Friction 
head  calcu- 

Percent- 

tions per 

city  in  dis- 

lated by 

Difference. 

age  of 

minute. 

charge  pipe. 

Weisbach's 

difference. 

formula 

Zeta. 

1       178 

15.735 

33.86 

29.38 

4.48 

15 

1        180 

15.76 

.34.65 

29.40 

5.25 

18 

3-blaJe  . . 

-1        180 

15.87 

35.02 

29.70 

5.31 

18 

1        176 

15.11 

32.14 

27.25 

4.89 

18 

1        169 

14.96 

31.58 

27.01 

4.57 

17 

1        150 

14.15 

29.81 

24.10 

5.71 

23.7 

1        150 

15.0 

33.75 

27.01 

5.74 

21.3 

5-blade  . . 

-i        170 

16.35 

39.60 

31.8 

7.8 

24.5 

1        171 

16.43 

42.29 

31.9 

10.4 

32.7 

I        175 

16.48 

40.16 

.32.19 

7.97 

25 

f       180 

17.49 

40.73 

35.97 

4.76 

13 

180 

17.96 

41.83 

37.75 

4.08 

10.8 

IfiS 

16.96 

37.35 

34 

3.35 

10 

7-blade  . . 

170 

17.06 

3S.22 

34.1 

4.12 

10.8 

161 

16.09 

34.46 

30.40 

4.06 

13 

180 

17.56 

41.03 

36.19 

4.84 

13.31 

175 

17.38 

39.17 

35.53 

3.64 

10.3 
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The  writer  has  entered  upon  this  discussion  because  of  a  keen  Mr.  Venable. 
interest  in  the  problems  suggrested  by  the  paper  and  their  bearing 
upon  the  practical  design  of  centrifugal  pumps  for  various  pur- 
poses. Tt  appears  to  him  that  the  pump  on  the  Zeta  is  credited 
with  from  5  to  10%  higher  efficiency  with  the  7-bladed  runner  than 
it  should  be  credited  with,  and  that  with  the  other  runners  it  is 
credited  with  from  25  to  30%  too  high  an  efficiency.  The  writer 
has  not  had  time  to  look  into  the  data  given  in  connection  with  the 
tests  of  the  other  pumps,  br;t  it  seems  probable  that  the  same  kind 
of  errors  exists  in  the  calculations  of  efficiencies  credited  to  these 
pumps.  Several  of  these  pumps  are  very  excellent  for  the  purpose 
for  which  they  are  designed.  The  fact  that  the  efficiencies  do  not 
go  as  high  as  indicated  in  Table  33,  does  not  show  that  the  pumps  do 
not  compare  very  advantageously  with  the  best  of  centrifugal  pumps 
met  with  in  practice,  when  the  basis  of  comparison  of  all  the  pumps 
is  strict  and  fair. 

C.  W.   Sturtevaxt,  M.   Am.   Soc.   C.  E.,   Scranton,  Miss. — The  Mr.  sturte- 
speaker  would  like  to  relate  an  incident  showing  the  necessity  of      ^*"* 
mathematical   refinement   in    regard   to   the   shape   of   runners    and 
casings  of  centrifugal  dredging  ])umps. 

On  this  occasion  the  foreman,  who  placed  a  new  runner  in  the 
pump  on  Sunday  while  making  other  repairs,  did  not  notice  that 
the  machine  shop  had  bored  the  tapered  hole  in  the  hub  from  the 
wrong  side.  The  runner  was  put  in  place  with  the  wrong  side  next  the 
engine,  and  the  blades,  instead  of  curving  gracefully  backward  as 
the  runner  revolved,  turned  abruptly  to  the  front  in  direct  oppo- 
sition to  all  theoretical  curves.  The  pump  was  run  under  these 
conditions  during  the  week  without  attracting  particular  attention. 
The  next  Siinday  the  error  was  discovered  while  replacing  liner  bolts. 

It  would  seem  that  the  theoretical  shape  of  runners  and  casings 
is  not  so  important  a  factor  in  removing  the  greatest  number 
of  yards  of  material  for  the  least  money  as  a  plain,  practical  shape 
that  can  be  quickly  and  cheaply  repaired  by  unskilled  labor. 

In  estimating  the  cost  per  yard  of  material  removed  on  the 
Mississippi  River,  in  what  way  is  the  yardage  calculated?  Some 
time  ago  the  speaker  was  with  the  Mississippi  River  Commission, 
and  there  were  some  reports  concerning  cost  per  yard  of  material 
removed,  but  the  area  from  which  the  calculations  were  made  was 
800  ft.  in  width,  while  the  actual  dredged  channel  was  only  100  or 
160  ft.  in  width.  In  many  of  these  places  the  yardage  removed 
was  more  than  the  entire  fleet  could  have  removed  in  the  same  time. 
The  current,  after  being  started  by  the  first  dredged  cut,  removed 
probably  ten  times  as  much  material  as  the  dredge. 

Therefore,  it  is  not  fair  to  use  all  the  material  removed  from  this 
800-ft.   area,   by  the   dredge   and   current   combined,   in   making   an 
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Mr.  stiirte-  estimate  of  the  cost  of  dredging  by  the  yard,  and  to  nse  that  price  as 
^*°  ■  a  basis  for  estimating  dredging  elsewhere,  as  in  harbors,  canals,  or 
sKiggish  streams.  On  account  of  such  misleading  comparisons,  it  is 
often  thought  that  contractors  are  bidding  high  prices  for  .work. 
If  a  contractor  does  the  dredging  on  the  Mississippi  River  he  does 
not  receive  pay  for  a  single  yard  outside  the  actual  cross-section  of 
the  channel  as  first  staked  out. 

The  Engineer  Reports  of  the  Mississippi  River  Commission  con- 
tain published  data  as  to  the  exact  cost  of  all  renewals,  care  of 
plant  and  operations,  each  in  its  separate  place  in  the  reports.  But 
the  cost  cannot  be  applied  to  yardage.  The  ciibic  yard  as  a  basis 
of  cost  cannot  be  u.sed  in  dredging  on  the  Mississippi  River,  because 
there  is  no  way  to  determine  the  yardage  removed  by  the  dredge. 

If  these  different  costs  were  combined  they  would  show  the  total 
cost  of  opening  the  channels  to  a  certain^  depth,  but  they  would  not 
show  the  cost  per  yard  of  material  removed  by  the  dredge. 

If  the  cut  is  not  properly  located,  all  the  dredging  possible  will 
not  open  a  channel,  and  the  dredge  may  have  to  be  removed  to  pre- 
vent grounding. 

The  general  idea  that  dredaing  can  be  done  so  cheaply  is  a  niio- 
taken  one.  In  one  paper  submitted  to  this  Congress  reports  of  cost 
per  yard  are  appended.  Only  the  actual  running  expenses  during 
the  short  period  selected  out  of  the  year's  work  are  given,  and  no 
mention  is  made  of  the  cost  of  extended  repairs  to  machinery,  of 
dockage  of  boat  which  is  necessary  each  year,  or  of  cost  of  moving 
plant  from  place  to  place,  all  of  which  must  be  added  to  the  cost 
given  in  the  paper.  Neither  does  the  cost  given  include  the  interest 
on  the  investment  in  the  plant,  insurance,  taxes,  or  damage  suits 
which  the  contractor  must  allow  for  in  his  estimates  of  cost. 

While  a  Government  dredge  can  be  given  credit  for  each  and 
every  yard  removed  in  the  vicinity  of  the  channel,  a  contractor  only 
gets  pay  for  the  exact  number  of  yards  in  the  cross-section  laid  out 
for  dredging,  and,  in  order  to  insure  the  channel  until  accepted  by 
the  U.  S.  Engineers,  the  cross-section  must  be  overdredged  both  in 
depth  and  width,  or  else  the  entire  plant  may  have  to  be  moved  back 
to  take  out  a  few  yards,  causing  one  or  more  days'  delay. 

There  is  a  great  fluctuation  in  prices  of  dredging  due  to  the 
variation  in  material  alone.  There  is  no  doubt  in  the  speaker's  mind 
that  under  the  most  favorable  conditions  and  material,  the  cost, 
without  profit  added,  will  exceed  5  or  6  cents  per  yd.,  and  careful 
compilation  of  all  costs  in  Government  reports  will  bear  out  this 
statement.  The  speaker  knows  of  dredging  that  has  cost  16  and  17 
cents  per  yd.,  where  the  plant  used  was  good  and  well  managed. 
There  have  been  several  contracts  taken  at  prices  of  from  9  to  15 
cents,  where  the  contractors  have  lost  money,  and  some  have  gone 
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into  bankruptcy;  and  this  occurred  in  harbors,  canals  and  slow-run-  Mr.  sturte- 
ning  streams,  where  the  amounts  dredged  could  be  accurately  deter-        ^^^  ' 
mined  by  cross-sections. 

The  speaker  would  like  to  make  another  statement  showing  the 
reasons  for  great  differences  in  prices  of  dredging  work.  In  one  con- 
tract, with  the  same  dredge,  the  same  crew,  and  other  conditions 
being  the  same,  except  the  material,  there  were  pumped,  during  a 
certain  period,  less  than  70  000  cu.  yd.  During  the  same  length 
of  time  in  the  other  material  there  wore  pumped  2-4:8  000  cu.  yd.,  or 
3i  times  the  quantity  dredged  during  the  first  period,  and  what 
would  have  been  a  fair  price  per  yard  during  the  second  period  would 
have  resulted  in  serious  loss  during  the  first  period.  The  classifica- 
tion of  this  material  under  water  is  often  very  difficult,  and  it  is 
only  by  long  experience  that  a  correct  judgment  can  be  formed. 

Lewis  M.  Haupt^  M.  Am.  Soc.  C.  E.,  Philadelphia,  Pa. — The  p,of.  Haupt. 
speaker  would  only  add  to  what  Mr.  Sturtevant  has  said  in  regard  to 
contract  prices  for  dredging  that  a  very  complete  schedule  of  prices 
of  various  contracts  was  published  not  long  ago  in  the  Engineering 
News,  giving  prices  rang'ing  from  7  to  40  or  50  cents.  He  does  not 
know  of  any  instance  where  dredging  has  been  done  for  a  figure  as 
low  as  4  cents  on  an  exposed,  open  bar,  with  perhaps  the  exception 
of  the  Mersey  Bar.  Fifteen  cents  is  certainly  low  enough,  with  all 
risks  considered. 

William  M.  Hall,  M.  Am.  Soc.  C.  E.,  Parkersburg,  W.  Va. —  Mr.  Haii. 
There  are  three  questions  which  the  speaker  wishes  to  ask,  and  he 
hopes  that  Mr.  Maltby  will  be  kind  enough  to  consider  thern : 

1. — What  is  the  cost  of  one  of  the  Mississippi  River  suction 
dredges,  completed  ready  for  work  ? 

2. — What  is  the  largest  size  of  stones  which  it  is  practicable  to 
move  with  the  dredges  on  regular  dredging  work? 

3. — As  Mr.  Maltby  is  somewhat  familiar  with  the  Upper  Ohio, 
the  speaker  would  be  glad  if  he  woiild  be  kiiid  enough  to  express 
an  opinion  as  to  whether  or  not  one  of  the  suction  dredges  would  be 
efficient  and  economical  in  moving  the  Upper  Ohio  River  gravel 
and  sand  bars?  The  Upper  Ohio  River  may  be  considered  as  in- 
cluding that  part  from  Pittsburg  for  200  or  300  miles  down  stream, 
or  to  the  mouth  of  the  Great  Kanawha  River. 

All  the  dredging  on  the  Ohio  for  the  removal  of  bars,  the  deepen- 
ing of  channel,  and  the  construction  of  locks  and  dams,  has 
been  done  by  dipper  and  bucket  dredges.  The  cost  of  such 
dredging,  in  that  locality,  probably  ranges  from  a  minimum  of 
16  or  20  cents  per  cu.  yd.  to  a  maximum  of  35  or  40  cents.  There 
are  several  reasons  which  occur  to  the  speaker  why  the  Government 
should  not  provide  a  suction  dredge  for  doing  its  work  in  that 
locality,  the  principal  one,  and  the  one  which  it  is  pertinent  to  dis- 
cuss here,  is  that  a  large  part  of  the  material  may  be  too  coarse  to 
be  economically  moved  by  a  dredge  of  that  class. 
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Mr.  Hall.  Should  it  be  learned  that  this  is  not  a  serious  objection,  there 
are,  no  doubt,  one  or  two  excellent  reasons,  aside  from  the  mere  ques- 
tion of  first  cost,  for  providing  a  suction  dredge  for  the  Upper 
Ohio  River  work. 

As  the  improvement  of  this  river  is  one  of  great  importance, 
and  as  the  questions  are  practical  0]ies  which  are  liable  to  arise  on 
many  other  works,  the  speaker  hopes  he  is  justified  in  asking  them, 
and  trusts  they  will  be  discussed. 
Prof.  Gregory.  W.  B.  GREGORY,  EsQ.,  New  Orleans,  La.*  (By  letter.) —The 
writer  was  employed  by  the  Mississippi  River  Commission,  in  the 
capacity  of  Consulting  Engineer,  during  the  fall  and  winter  of  1902, 
and  was  accountable  for  the  method  used  in  computing  the  results 
of  tests.  In  writing  a  report  to  the  Commission,  on  the  com- 
pletion of  the  work,  it  was  not  thought  necessary  or  advisable  to 
write  a  treatise  on  Hydraulics  in  general  or  Centrifugal  Pumps  in 
particular,  or  even  an  extended  discussion  of  the  problems  involved. 
However,  attention  was  called  to  errors  in  computing  results  of 
previous  tests,  and  this  was  done  in  what  seemed  to  the  writer  the 
simplest  possible  way.  It  is  probable  that  a  little  more  explanation 
would  have  made  the  conclusions  more  apparent.  For  the  purpose 
of  removing  any  doubt  from  the  minds  of  those  who  may  hereafter 
read  this  paper  and  its  discussions,  the  writer  wishes  to  explain  in 
greater  detail. 

The  following  is  quoted  from  the  writer's  report.t 

Method  of  Computing  Total  Work  op  Pumps. 

"The  tests  of  1897,  made  while  pumping  sand,  have  been  re- 
worked by  Mr.  Maltby  and  form  a  part  of  his  report.  These  tests 
as  originally  published  are  incorrect,  as  they  credit  pumps  with  the 
sum  of  head  shown  by  discharge  pressure  minus  the  negative  head 
shown  by  suction  pressure,  which  includes  the  velocity  head  in 
suction  pipe  and  the  computed  velocity  head  in  discharge  pipe. 
Now,  if  suction  and  discharge  pipes  were  of  the  same  cross-section, 
the  method  used  in  computing  tests  as  reported  gives  twice  the 
velocity  head,  and  is  therefore  in  error  by  the  amount  of  the  velocity 
head.  As  the  suction  and  discharge  pipes  are  usually  unequal  in 
sectional  area  a  correction  must  be  made,  due  to  the  difference  of 
velocity  head  at  these  two  sections.  This  point  will  be  taken  up 
again  later. 

"Another  point  is  misleading  in  the  report  of  tests  of  1897,  al- 
though the  actual  error  involved  is  very  small.  The  various  heads 
are  always  stated  in  feet  of  water.  As  a  matter  of  fact  a  mixture  of 
sand  and  water  was  pumped,  and  the  heads  ought  to  be  measured  in 
feet  of  liquid  pumped — that  is,  the  mixture. 

"In  some  cases,  instead  of  62.5  lb.  per  cu.  ft.,  the  mixture  weighed 
between  70  and  75  lb.  per  cu.  ft. 

*  Asst.  Prof,  of  Experimental  Eng.,  Tulane  Univ. 

t  Annual  Report  of  the  Mississippi  River  Commission  for  1903,  pp.  160  to  167. 
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"In  any  case  the  work  done  by  a  pump  is  equal  to  QXIVXJI.  Prof.  Gregory, 
where — 

Q  =  volunu'  pumped  per  unit  of  time. 

W  =  weight  per  unit  volume  of  liquid  [jumped. 

H  =  total  head  =  /;,,  —  h^  +  /;,'  +  /;". 

h^  =  discharge  head,  obtained   by  observing   the   jiressure.  p^,.  at 

some  point  in  the  disehar<>e  ])ii)e.  tlien  //  =  ^' 

oil  ^^r- 

P 
/ij,  =  ^  =  suction  head,  obtained  at  some  point  in  suction  pipe  by 

observing  the  pressure  2?^..     It  includes  the  velocity  head,  as 

will  be  shown. 
h'  =  difference  between  velocity  heads  in  discharge  and  suction 

pipes. 
h"  =  difference  in  level  of  the   two  points  where  discharge  and 

suction  pressures  are  measured. 

Total  work  =  ^^  X  W  X  f/',,  —  /*,  +  h'  +  h" )  = 

QX  Wx{^-^^h'  +  h'). 

"It  will  be  seen  that  nearly  all  the  total  head  is  included  in  the 
first  two  terms  of  the  quantity  within  the  parentheses  and  that  the 
error  arising  from  computing  results  when  pumping  sand  due  to 
using  the  weight  of  a  unit  volume  of  water  instead  of  the  weight  of 
unit  volume  of  the  mixture  only  affects  the  last  two  terms.  In  the  case 
of  h'  it  is  small   enough  to  neglect  and  probably  so  in  the  case  of  h". 

"It  is  to  be  noted  that  7?.,  is  always  negative  in  these  tests,  but 
both  h'  and  h"  may  be  positive,  negative,  or  zero,  depending  on  con- 
ditions in  individual  cases.  Very  little  error  will  therefore  be  made 
by  using  W  as  the  weight  per  unit  volume  of  water  instead  of  the 
weight  of  mixture  pumped,  and  the  method  of  computing  results  is 
greatly  simplified. 

"It  will  now  be  shown  that  the  suction  pressure  includes  the 
velocity  head  in  suction  pipe  where  pressure  is  measured." 

The  above  will  be  recognized  as  practically  the  same  statement 
as  that  embodied  in  Equation  1,  given  by  Mr.  Maltby. 

The  text  of  the  report  to  the  Commission,  which  follows  that 
given  above,  has  been  quoted  by  Mr.  Maltby  and  therefore  will  not 
be  given  again  here. 

It  has  been  charged  by  Mr.  Venable  that  the  writer  "assumes 
several  im.possible  things,  makes  a  theoretical  assumption  where 
there  is  a  theoretically  indeterminate  quantity,  and  derives  a  result 
that  is  directly  contrary  to  the  well-established  laws  of  hydraulics." 
It  is  worthy  of  note  that,  among  all  the  hydraulicians  who  have  read 
and  discussed  this  paper,  there  is  but  one  dissenting  voice.  On  the 
other  hand,  the  theory  as  presented  has  had  the  endorsement  of  such 
a  man  as  I.  P.  Church,  Assoc.  Am.  Soc.  C.  E.,  the  author  of  a 
treatise  on  hydraulics — a  man  well  known  to  hydraulic  engineers 
throughout  the  world. 
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Prof.  Gregory.  For  the  benefit  of  those  who  require  a  rigorous  treatment  of  the 
case  presented  by  Mr.  Maltby  in  Fig.  19,  the  following  notes  are 
added. 

If,  in  Fig.  19,  the  entrance  to  the  pipe  from  the  vessel,  K,  had 
been  made  bell-shaped  so  that  the  cross-section  would  show  rounded 
corners,  there  would  be  no  appreciable  loss  of  head  at  that  point. 
The  writer  is  well  aware  of  the  fact  that  a  pipe  in  which  water 
would  flow  withovit  friction  is  an  impossibility;  but,  if  friction  is 
taken  account  of,  we  will  merely  have  the  lines,  A  B  and  G  E,  in 
Fig.  19,  inclined  downward,  instead  of  as  shown.  This  will  in  no 
way  affect  the  reasoning  given,  as  it  is  evident  that  the  level  at  s 
and  at  E,  B  or  //  would  be  depressed  by  the  amount  of  the  friction 

(f  T       •^\ 
~^^  ^     ) ;  or,  if  the  levels,  E,  B  and  H,  be  maintained  in  spite 
•  D  2(r 

of  friction  losses,  the  pump  would  have  to  furnish  an  amount  of 
energy  which  is  increased  by  that  represented  by  friction  head,  in- 
stead of  the  amount  stated.  The  device  shown  in  Fig.  19  was  given 
to  prove  an  important  point,  in  the  simplest  possible  way  and  with- 
out needless  complications. 

The  writer  might  also  have  pointed  out  the  fact  that  the  velocity 

2 

head,    — ,  was  all  lost  in  every  pump  tested.     This  can  be  shown 

by  an  application  of  Borda's  formula  to  Fig.  19.  Within  the 
pipe  connecting  K  and  L,  the  velocity  of  the  water  is  v.  If  the 
vessel,  L,  is  of  considerable  size,  then,  by  Borda's  formula, 
the  loss  due  to  the  impact  of  water  at  a  velocity,  v,  as  it  enters 

(r  r  f 

the  vessel,  L,  is  equal  to  ^ — ;   where  v^   is  the  velocity  of 

the  water  in  L.  But  this  velocity,  v  ,  is  practically  zero,  and  there- 
fore  the  head  lost  equals  :^—  and  the  water  in  the  piezometer  at  n  will, 

if  friction  in  the  pipe  be  neglected,  stand  at  the  height  that  is  being 
maintained  in  the  vessel,  L;  while,  if  friction  is  added,  the  level  of 
the  water  in  the  piezometer  at  n  will  be  raised  by  the  amount  of  the 
friction  head  from  n  to  the  vessel,  L. 

The  loss  due  to  a  sudden  enlargement  of  section  of  a  pipe  in 
which  water  is  flowing  has  been  incorrectly  stated  in  Appeiidix  I  of 
Mr.  Venable's  paper,  "The  Principles  of  Design  of  Velocity  Pumps," 
presented  before  this  Congress.  The  writer  believes  that  Borda's 
formula  is  one  of  the  "well-established  laws  of  hydraulics,"  and  pos- 
sibly a  more  careful  reading  on  the  part  of  Mr.  Venable  will  re- 
move some  of  his  doubts. 

Mr.  Venable  also  objects  to  the  reading  of  pressiire  heads  at  the 
surface  of  a  pipe  in  which  water  is  flowing,  and  enters  into  a  long 
dissertation   in   an  attempt  to  establish  what  he  considers   a  fact, 
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luuut'ly.  that  the  pressure  across  a  straight  pipe  in  which  water  is  prof.  (Gregory. 
Rowing'  is  not  constant,  and  is  greatest  wliere  the  velocity  is  least, 
and  least  where  the  velocity  is  greatest.  In  short,  he  applies  Ber- 
nouilli's  theorem  to  various  points  in  the  cross-section  of  such  a 
pipe.  He  evidently  fails  to  grasp  the  significance  of  some  experi- 
ments described  by  Mr.  Maltby.  However,  if  further  proof  is 
needed,  it  would  seem  that  experimental  proof  should  be  the  most 
convincing  in  the  status  of  our  knowledge  of  hydraulic  laws. 

In  a  recent  paper  by  the  writer,*  he  gave  a  diagram  showing  four 
traverses  of  the  discharge  pipe  of  the  U.  S.  Dredge  Epsilon.  in  which 
tlie  velocity  curves  and  the  static  pressures  were  given.  The  static 
l)ressures  were  the  actual  pressures  at  the  points  of  observation,  and 
they  were  greater  at  the  bottom  than  at  the  top  of  the  pipe  by  the 
amount  of  the  static  pressure  due  to  a  head  eqiial  to  the  diameter 
of  the  pipe.  Irregularities  are  no  doubt  due,  in  part,  to  the  prac- 
tical impossibility  of  keeping  the  steam  pressure,  and  consequently 
the  revolutions  of  the  engines  and  pumps,  absolutely  constant.  Each 
l)oint  plotted  on  this  diagram  is,  in  general,  the  average  of  ten  read- 
ings, considerable  time  being  required  to  complete  a  traverse,  as 
much  as  an  hour  in  some  cases. 

The  following  quotation  is  from  that  paper: 

'It  is  seen  from  these  results  that  the  static  pressure  does  not 
vary  across  the  section  of  a  straight  pipe  in  which  there  are  great 
differences  of  velocity  parallel  to  the  axis  of  the  pipe,  except  as  af- 
fected by  gravity.  This  shows  conclusively  that  the  sum  of  static 
and  velocity  heads  for  various  points  in  the  same  cross-section  of  a 
straight  pipe,  is  not  a  constant  quantity  if  we  understand  by  velocity 
head,  that  due  to  the  velocity  parallel  to  the  axis  of  the  pipe.  This 
ought  not  to  destroy  our  belief  in  the  Law  of  the  Conservation  of 
Energy.  All  the  energy  possessed  by  a  particle  of  water  at  any  point 
of  the  cross-section  of  a  straight  pipe  is  either  energy  or  position, 
pressure  or  motion.  Since  the  pressure  energy  is  constant  across  a 
given  section  and  the  energy  of  motion  parallel  to  the  axis  of  the 
pipe  varies,  it  follows  that  there  must  be  energy  of  motion  other  than 
this.  Unfortunately  we  have  no  way  of  measiiring  the  velocity  of 
the  whirl  of  the  particles  of  water  at  various  points  in  the  cross- 
section.  If  this  could  be  done  undoubtedly  it  would  be  found  that 
the  energy  due  to  velocity  of  whirl  is  greatest  at  the  walls  and  least 
at  the  center  of  the  pipe,  and  that  the  energy  possessed  by  a  particle, 
of  fluid  at  one  point  in  the  cross-section  is  equal  to  that  possessed 
by  any  other  particle  in  the  same  section. 

"It  is  impossible  to  convert  this  energy  due  to  velocity  of  whirl 
into  useful  work;  of  course  it  is  finally  converted  into  heat." 

So  far  as  the  writer  is  aware,  this  was  the  first  proof,  experi- 
mental or  otherwise,  of  the  fact  that  the  pressure  across  a  straight 
pipe  in  which  water  is  flowing,  is  everyvphere  the  same  for  all  points, 

*-'The  Pitot  Tube,'"  presented  at  the  December,  1903,  meeting  of  the  American 
Society  of  Mechanical  Engineers. 
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Pi-of.  (iregoi-y-  except  as  influenced  by  the  depth  of  the  point  under  consideration. 
The  conclusions  deduced  above  are  inevitable. 

Messrs.  Williams,  Hubbell  and  Eenkell,  in  the  closing  discussion* 
of  their  able  paper,  entitled  "Experiments  at  Detroit,  Mich.,  on  the 
Efl^ect  of  Curvature  upon  the  Flow  of  Water  in  Pipes,"  have  fallen 
into  the  same  error  as  Mr.  Venable.  The  writer  is  willing  to  admit 
that  the  deduction  was  a  very  natural  one,  but,  it  cannot  stand  for 
a  moment,  in  the  light  of  experimental  evidence  to  the  contrary. 

Experiments  made  by  Mr.  W.  M.  White  show  that  if  the  impact 
end  of  a  Pitot  tube  be  made  a  surface  of  revolution  with  the  open- 
ing at  the  center  of  that  surface,  the  tube  will  show  the  correct  head 
due  to  the  velocity  of  the  water  at  the  point  under  investigation 
plus  the  static  head  at  that  point.  The  results  given  above  show 
that  the  static  pressure  in  a  straight  pipe  is  everywhere  the  same, 
when  corrected  for  the  height  of  the  point  under  consideration.  It 
therefore  follows,  that  if  the  static  head  is  obtained  from  a  piezo- 
meter opening  in  the  side  of  the  pipe,  at  any  convenient  point,  the 
difference  of  these  two  heads  will  give  the  head  due  to  velocity. 

Referring  to  the  paper  on  "Water  Measurements  in  Connection 
with  a  Test  of  a  Centrifugal  Pvimp  at  Jourdan  Avenue  Drainage 
Station,  New  Orleans,  La.,"  by  Mr.  W.  M.  White,t  and  which  has 
been  criticised  by  Mr.  Venable,  it  will  be  seen  that  the  Pitot  tube 
measurements  used  to  calibrate  what  Mr.  White  calls  a  "velocity 
gauge"  were  entirely  correct.  The  constant  obtained  for  the  tvibe 
used,  by  the  comparison  of  static  readings  obtained  from  the  side 
of  the  pipe  in  which  water  was  flowing,  as  compared  with  the  static 
head  shown  by  the  static  openings  of  the  tube,  was  substantially 
that  obtained  by  hauling  the  tube  through  still  water  in  a  canal. 

Further  light  was  thrown  on  this  point  by  certain  tests,  the  final 
results  of  which  are  stated  by  Mr.  Maltby.  If,  as  has  been  contended 
by  some,  the  constant  for  a  Pitot  tube,  when  used  in  a  pipe  under 
pressure,  is  different  from  that  obtained  by  hauling  the  tube  in  an 
open  channel,  it  follows  that  the  results  obtained  from  two  tubes 
of  exactly  the  same  pattern  will  be  different  if  used  in  a  pipe  at 
points  having  widely  differing  pressures.  That  this  is  not  the  case 
is  shown  conclusively  by  the  curves  in  Fig.  5  of  the  writer's  paper 
of  December,  1903. 

To  test  the  accuracy  of  velocity  measurements  by  two  similar 
tubes  and  determine  whether  or  not  they  were  affected  by  static 
pressure.  Tube  8  was  placed  in  the  discharge  pipe  of  the  second  pon- 
toon of  the  U.  S.  Dredge  Epsilon,  where  the  average  static  pressure 
was  19.78  ft.  of  water,  and  Tube  9  was  placed  in  the  ninth  pontoon, 
350  ft.  from  Tube  8,  and  where  the  average  pressure  was  4.12  ft.  of 

*  Transactions,  Am.  Soc.  C.  E..  Vol.  XLVII,  p.  335. 
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water.     Traverses  were  made  by  taking  observations  simultaneouslj'  Piof.  (jiegory. 
at  different  points  across  the  pipe.     The  mean  velocity  determined 
by  Tube  S,  from  170  observations,  was  22,321  ft.  per  sec,  while  that 
determined  by  Tube  9  was  22.351  ft.  per  sec,  a  difference  of  one- 
tenth  of  1  per  cent. 

The  writer,  therefore,  maintains  that  the  method  used  by  J^fr. 
White  in  calibrating  his  "velocity  gauge"  was  a  correct  one,  as  the 
constant  of  the  Pitot  tube  was  accxirately  known,  and  also  that  the 
theory  as  stated  by  him  was  entirely  in  accordance  with  well-estab- 
lished hydraulic  laws. 

If  the  writer  understands  the  objections  raised  by  Mr.  Venable 
to  the  methods  used  by  Mr.  White  in  the  case  referred  to,  they  are, 
in  part,  based  on  the  assumption  that  the  pressure  at  the  surface  of 
a  straight  pipe  is  not  the  same  as  that  at  the  center,  or  at  the  point 
of  mean  velocity.  The  fallacy  of  this  assumption  has  already  been 
pointed  out. 

Mr.  Venable  is  greatly  troubled  by  the  pulsations  in  the  discharge 
pipes  of  centrifugal  pumps,  which  he  refers  to  as  "the  chief  source 
of  difficulty  in  measuring  the  heads  and  velocities  produced  by  such 
pumps,  by  the  use  of  tubes."  The  writer  does  not  believe  that  the 
comparatively  slight  pulsations  caused  by  the  passage  of  the  blades 
of  the  runner  of  a  centrifugal  pump  by  the  discharge  opening  will 
influence,  to  any  marked  degree,  the  mean  readings  of  pressure  on 
the  discharge  pipe.  To  establish  such  a  proposition  would  require 
either  a  satisfactory  mathematical  theory  or,  preferably,  some  ex- 
perimental data.     Neither  of  these  has  been  offered. 

Mr.  Venable  would  discredit  the  measurements  made  by  Mr. 
Maltby  on  the  loss  of  head  due  to  friction  in  discharge  pipes  be- 
cause the  results  do  not  agree  with  those  computed  by  the  formula 
given  by  Weisbach.  Possibly  Mr.  Venable  has  not  taken  into  con- 
sideration all  the  conditions  of  the  problem.     If  friction  head  be  ex- 

fL  v^ 
pressed  by  the  formula,/*,  =  ~t)9~'  ^^  value  of  f,  as  advocated  by 

0.00172. 
Weisbach,  was   /  =  O.oUl  +  -j= 

y  V 

Mr.  Maltby  has  given,  on  page  456,  some  losses  in  head  on  the 
Beta's  discharge  pipe;  the  average  value  of  f  is  almost  exactly  0.014. 
The  mean  velocity  was  20.1  ft.  per  sec. 

Weisbach's  formula,  quoted  above,  gives  f  =  0.0148.  The  two 
results,  therefore,  differ  by  about  5%,  which  may  easily  be  ac- 
counted for  by  the  possible  differences  in  the  two  pipes.  It  will  be 
noticed  that  Mr.  Maltby's  results  are  lower  than  that  given  by 
Weisbach. 

The  results  obtained  on  a  portion  of  the  straight  discharge 
pipe  of  the  Beta  cannot  be  compared  with  the  losses  due  to  friction 


514 


DISCUSSION    ON    DREDGES. 


Prof.  Gregory,  along  the  discharge  pipes' of  the  other  dredges,  for,  in  some  of  the 
hotter,  there  was  an  unknown  loss  at  the  flexible  connections,  due  to 
increase  of  section,  and  to  the  fact  that  the  pontoons  were  not  kept 
in  perfect  alignment;  the  difl^erence  in  velocities  in  some  cases  would 
also  account  for  slight  differences. 

The  average  value  of  f,  as  determined  by  the  writer  from  the 
drop  in  pressure  along  discharge  pipes  and  as  stated  in  his  report  to 
the  Commission,  was  as  follows: 


Name  of  Drecige. 

Diametei-  of 

Discharge  Pipe, 

in  inehe.s. 

/ 

34 

344 

82 

321i\ 

31  i 

3- 

0  0178 

Delta 

0.0319 

Zeta 

0.0227 

Iota 

0.0182 

Kappa 

0.0165 

Flad 

0.0222 

The  mean  of  these  results  gives  almost  exactly  f  =  0.02,  while, 
by  Weisbach's  formula,  f  =  O.Ol-iS;  the  difference  amounts  to  26% 
of  the  value  found. 

The  method  used  to  measure  the  drop  in  pressure  was  the  same 
in  all  cases.  In  one  case,  where  joints  and  imperfect  alignment 
"were  eliminated,  it  was  found  that  the  average  result  was  5%  lower 
than  that  given  by  Weisbach,  while,  with  flexible  joints  and  imper- 
fect alignment,  the  average  result  is  considerably  larger  than  the 
formula  indicates.  The  writer  was  present  at  some  of  the  tests,  and 
knows  that  no  special  attention  was  paid  to  discharge  pipe  align- 
ment, and  that  in  some  instances  the  pipe  was  far  from  being 
straight. 

Shall  it  be  concluded  that  one"  result  was  correct  and  the  others 
wrong,  or  that  both  are  wrong?  An  intimate  knowledge  of  the 
methods  used  in  these  tests  compels  the  writer  to  believe  the  results 
to  be  reliable  in  all  cases,  although  the  conditions  are  not  fully 
stated  in  any  case  except  that  of  the  Betas  pipe.  As  a  matter  of 
fact,  it  is  known  that  the  value  of  f  varies  with  the  velocity  and 
diameter  of  the  pipe,  and,  as  stated  by  Mansfield  Merriman, 
M.  Am.  Soc.  C.  E.,  "the  theory  of  the  flow  of  water  in  pipes 
is  not  well  understood."  Very  few  experiments  have  been  made  on 
pipes  of  this  size  with  the  velocities  used  in  dredging. 

The  writer  agrees  with  Mr.  Higgins  that  "some  laborious  re- 
search lies  before  those  who  will  succeed  in.  establishing  a  reliable 
formula  for  the  work  done  by  the  runners  of  centrifugal  pumps." 
There  have  been  several  contributions  to  the  theory  of  these  pumps 
in  the  last  few  years.  Research  along  this  line  cannot  be  carried  on 
by  mathematical  investigations  alone;  at  each  step  theory  must  be 
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verified  by  experiment.     The  writer  has  tried  to  verify  theories  and  Prof.  Gregory. 

make  them  agree  with  the  results  of  these  and  other  tests.     While 

a  pet  theory  will  be  borne  out  beautifully  in  a  given  case,  the  next 

case   investigated   will   often   upset   preconceived   theories.     In   the 

pumps  tested  by  Mr.  Maltby,  a  small  number  of  blades  was  used  in 

most  cases;  the  path  taken  by  the  water  is  consequently  difficult  to 

locate  and  too  little  is  known  of  the  action  of  the  water  within  the 

pumps  to  make  a  mathematical  analysis  of  sufficient  accuracy  to  be 

of   much   value.     Special   experimental    investigations,    covering   a 

wide  range,  will  be  required  before  a  mathematical  analysis  of  real 

value  can  be  made. 

F.  B.  Maltby,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C.  (By  letter.)  Mr.  Maltby. 
— The  writer  wishes  to  acknowledge  the  uniformly  kind  expressions 
of  appreciation  of  the  paper  presented  by  those  who  have  seen  fit  to 
criticize  it. 

Referring  to  the  exceptions  taken  by  Mr.  Robinson,  the  writer 
believes  that  a  part  of  them,  at  least,  can  be  explained.  The  state- 
ment that  an  error  was  made  in  the  original  calculations  of  pump 
performance,  in  taking  the  head  in  feet  of  water,  instead  of  in  feet 
of  material  pumped,  was  poorly  stated  by  the  writer.  As  Mr.  Rob- 
inson states  the  "head"  here  used  is  an  expression  of  observed 
pressure  and  not  as  the  actual  height.  The  error  in  the  original 
computations  arises  from  the  fact  that  the  numerical  value  of  the 
observed  pressure  in  feet  of  water  was  used  instead  of  reducing  it 
to  the  equivalent  in  actual  height  of  material  pumped. 

Mr.  Robinson  is,  of  course,  correct  in  the  statement  that  the 
head  of  material  pumped  is  to  the  total  head  of  water  observed  in- 
versely as  the  weight  per  foot  of  material  pumped  is  to  the  weight 
of  water  instead  of  directly  as  stated. 

Mr.  Robinson  seems  to  infer  that  because  the  statement  is  made 
that  the  mercury  in  the  gauges  fluctuated  through  a  space  of,  some- 
times, 2  or  3  in.,  that  the  readings  may  be  in  error  an  inch  or  two. 
The  writer  can  only  reiterate  the  statement  made  that  he  believes 
that  the  mean  of  any  one  set  of  observations,  all  of  which  consist 
of  ten  or  more  readings,  is  corrected  within  0.1  in.  During  the  tests 
made  in  1902,  which  extended  over  a  period  of  about  three  months, 
and  while  adjusting  and  experimenting  with  apparatus,  several 
hundred  gauge  readings  were  made  which  do  not  appear  in  the  pub- 
lished results.  A  careful  consideration  of  these  readings  gave  the 
writer  a  great  deal  of  confidence  in  their  accuracy. 

At  one  time  the  writer  observed  one  of  these  gauges  for  about  two 
hours,  making  series  of  ten  observations  each  as  rapidly  as  possible. 
Unfortunately  the  record  of  these  observations  is  not  now  at  hand 
as  they  were  made  for  the  sole  purpose  of  demonstrating  the  ac- 
curacy   of   the   readings.     The   means    of   single    series    agreed    so 
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Mr.  Maltby.  closely  that  it  was  decided  that  they  might  be  accepted  without 
question. 

In  the  paper  written  by  J.  A.  Ockerson,  M.  Am,  Soc.  C.  E.,  re- 
ferred to  above,  the  tests  of  the  dredges  given  in  Table  2  were  pre- 
sented with  the  original  computed  results.*  In  the  discussion  of 
this  paper  by  Mr.  Robinson,  he  objected  to  the  results  obtained  for 
the  E'psilon,  which  gave  a  net  efBciency  of  102  per  cent.  The  writer 
had  rather  congratulated  himself  that  by  his  recomputation  he  had 
been  able  to  bring  this  efficiency  below  100%,  but  still  Mr.  Robin- 
son is  apparently  not  satisfied. 

Seriously,  however,  the  writer  does  not  of  course  advance  any 
claim  that  the  pump  has  any  such  efficiency;  all  the  observations 
were  presented  for  what  they  might  be  worth  as  he  seriously  objects 
to  the  practice  of  eliminating  such  observations  as  do  not  seem  con- 
sistent with  the  preconceived  idea  of  what  they  should  be.  The 
writer  agrees  with  Mr.  Robinson  that  these  short-time  barge  tests 
contain  elements  of  uncertainty,  and  for  this  reason  he  believes  that 
only  mean  results  for  each  dredge  should  be  considered  and  not  any 
single  observations. 

On  the  Epsilon,  the  efficiency  referred  to  of  96.2%  does  not  seem 
to  be  above  the  normal  or  mean  efficiency  to  a  greater  extent  than 
the  lowest  efficiency  given,  68.5%,  is  below  the  normal,  as  the  mean 
of  all  the  observations  in  this  series  of  tests  on  this  dredge  gives  an 
efficiency  of  83,7%  as  against  84.3%,  omitting  the  first  and  last  or 
highest  and  lowest  observations.  Mr.  Robinson  states  that  the  re- 
sults given  by  the  Zeta  are  very  difl^erent  from  those  obtained  on  the 
Epsilon^  the  pumps  being  identical.  The  mean  efficiency  given  for 
the  Zeta  is  80.3%  as  against  those  given  above  for  the  Epsilon, 
which  does  not  seem  to  the  writer  a  very  great  difference. 

Concerning  Mr,  Robinson's  criticism  of  Table  33,  the  writer  refers 
to  the  text.  On  page  418,  it  is  stated  that  water  only  was  pumped; 
pages  418  to  434  are  taken  up  in  description  of  the  apparatus  and 
methods  used  in  making  these  tests;  the  writer  regrets  that  in  these 
fifteen  pages  it  is  not  made  clear  that  a  barge  for  measuring  dis- 
charge was  not  used, 

Mr,  Venable  attacks  both  the  methods  used  and  the  accuracy  of 
observations  made  in  the  tests  of  1902,  and  evidently  regards  them 
as  valueless,  as  he  states  that,  in  his  opinion,  the  results  are  in 
error  25  to  30  per  cent.  The  tests  are  certainly  without  value  if 
such  an  error  exists,  and  a  further  discussion  of  them  would  also 
be  without  value  unless  the  accuracy  of  these  methods  and  ob- 
servations can  be  demonstrated.  The  method  of  measuring  the 
power  expended  or  supplied  ty)  and  absorbed  by  the  pump  does  not 
seem  to  be  questioned;  all  calculations  made  to  determine  the 
amount  of  work  done  by  the  pimips  are  based  on  piezometric  meas- 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XL,  p.  315. 
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urements  for  determining  head  and  the  determination  of  velocity  Mr.  Maltby. 
by  Pitot  tubes. 

Mr.  Venable  does  not  question  the  accuracy  of  the  latter  meas- 
urements, in  fact  he  appears  to  approve  of  them  as  he  states,  "upon 
the  assumption  that  the  velocity  in  the  discharge  pipes  v?as  meas- 
ured correctly  with  the  Pitot  tubes,  which  is  a  fair  assumption  as 
the  work  appears  to  have  been  very  carefully  done."  The  error  then 
all  lies  in  the  piezometer  measurements. 

Mr.  Venable's  criticism  of  these  measurements  does  not  seem 
quite  consistent.  He  asserts  first  that  a  piezometer  placed  parallel 
to  the  flow  at  the  outside  boundary  of  the  pipe  does  not  measure  the 
mean  pressure  throughout  the  pipe,  and  then  even  if  it  does  the 
measurements  made  will  indicate  a  greater  pressure  than  actually 
exists.  After  demonstrating  these  two  statements,  he  proceeds  to 
use  piezometric  measurements  observed  on  the  Zeta  as  bearing  out 
statements  made  by  him  in  his  paper  on  pumping  machinery. 

If  these  observations  are  in  error  25  to  30%  as  he  asserts,  it 
would  seem  rather  unwise  to  use  them  in  demonstrating  the  truths 
of  statements  made  in  his  own  paper. 

Let  us,  however,  inspect  these  statements  concerning  piezometers. 
Referring  to  the  first  statement,  that  a  piezometer  placed  at  the  out- 
side boundary  of  the  pipe  does  not  measure  the  pressure  at  the 
center  of  the  strain  or  the  mean  pressure  of  the  stream.  On  page 
428,  the  writer  gives  the  results  of  certain  measurements  made  with 
four  piezometers  placed  in  a  32-in.  pipe,  all  in  the  same  vertical 
plane,  and  the  pressure  side  or  static  openings  of  a  Pitot  tube  at 
the  center  of  the  pipe  and  in  the  same  vertical  plane  as  the 
piezometers.  All  the  piezometers  indicated  the  same  pressure,  and 
exactly  the  same  pressure  was  indicated  at  the  center  of  the  pipe  as 
nearly  as  could  be  determined  by  an  ordinary  mercury  column  and 
by  three  experienced  observers.  Either  the  pressure  at  the  center 
of  the  strain  was  the  same  as  at  the  boundary  of  the  pipe  or  the 
errors  of  indication  of  pressure  between  piezometers  and  the  pressure 
openings  in  the  Pitot  tubes  happened  to  be  exactly  the  same  as  the 
difference  between  the  pressure  at  the  outside  of  the  strain  and  at 
its  center,  if  such  difference  exists,  which  does  not  seem  probable; 
furthermore,  the  writer  made,  during  these  tests,  other  measure- 
ments, not  given  in  the  paper,  of  the  pressure  at  points  located  at 
intervals  of  2  in.  along  the  diameter  of  the  pipe  compared  with 
piezometric  measurements  made  at  the  same  time  and  on  the  same 
section,  and,  in  every  case,  the  piezometric  measurements  were  prac- 
tically the  same  as  the  pressures  measured  at  any  point  in  the  in- 
terior of  the  pipe  at  the  same  time. 

These  facts  of  observation,  not  theories  or  beliefs,  would  indi- 
cate an  error  in  Mr.  Venable's  first  statement  concerning  piezometers. 

Regarding  the  second  statement,  that  if  a  piezometer  does  meas- 


518  DISCUSSION    ON   DEEDGES. 

Mr.  Maitby.  \\re  the  pressure  in  the  pipe,  the  gauge  attached  to  it  will  indicate  a 
higher  pressure  than  actually  exists  owing  to  pulsations  in  the  head 
created  by  the  pump,  the  writer  confesses  that  he  is  somewhat  at  a 
loss  how  to  demonstrate  the  truth  or  falsity  of  such  a  belief. 
He  can  only  say  that  Mr.  Venable  has  not  proven  it  to  be  true,  and 
the  writer  certainly  does  not  believe  it  is  true  to  the  extent  of  in- 
creasing the  apparent  head  sufficiently  to  cause  an  error  of  25  to 
30%  in  results. 

Mr.  Venable  lays  great  stress  on  the  fact  that  in  the  tests  of  the 
Zeta  with  runners  of  different  blades,  approximately  the  same 
velocities  of  discharge  were  not  accompanied  by  the  same  heads, 
therefore  the  measured  heads  must  be  wrong.  It  is  undoubtedly 
true  that,  in  a  pipe  under  exactly  the  same  conditions,  similar 
velocities  will  be  accompanied  by  similar  heads.  That  similar  veloci- 
ties were  not  accompanied  by  the  same  heads  in  the  tests  of  the 
Zeta  indicates  that  the  conditions  of  the  suction  and  discharge  pipes 
were  not  the  same  rather  than  that  the  heads  were  incorrectly 
measured. 

It  was  intended  that  working  conditions  should  be  the  same 
with  each  runner,  that  is,  the  pump  casing,  engines,  and  amount  of 
discharge  pipe  should  be  the  same  in  each  instance.  It  was  not  the 
intention,  however,  at  the  time,  to  analyze  the  work  done  by  the 
pumps,  which  consists  of  velocity  into  head,  and  to  compare  the 
component  parts  of  velocity  and  head  with  each  runner;  rather,  a 
comparison  of  total  work  done  was  desired.  Por  this  reason,  no 
effort  was  made  to  keep  conditions  exactly  the  same.  It  may  have 
occurred,  and  probably  did,  that  the  suction  head  was  not  lowered 
to  the  same  elevation  in  each  instance,  and  the  discharge  pipe  raay 
have  had  a  greater  or  less  deflection  at  the  points.  Any  such  vari- 
ation would  have  caused  a  different  head  at  the  same  velocities, 
though  the  velocity  into  the  head  compared  with  the  indicated  horse 
power  may  have  been  the  same,  aud  it  was,  within  3%,  with  all  three 
runners  on  the  Zeta,  as  stated. 

The  writer  admits  the  possibility  of  a  wide  difference  of  opinion 
as  to  conclusions  to  be  drawn  from  the  tests  made  and  does  not 
enter  into  a  discussion  of  such  conclusions.  His  only  desire  is  to 
demonstrate,  if  possible,  the  accuracy  of  results,  that  they  may  be 
of  as  much  value  as  possible  to  others  who  may  wish  to  study  the 
performances  of  centrifugal  pumps  and  draw  their  own  conclusions. 

Mr.  Venable  has  taken  occasion  to  attack  at  some  length  the 
arguments  quoted  from  Professor  Gregory,  and,  at  the  request  of 
the  writer.  Professor  Gregory  has  submitted  a  contribution  to  this 
discussion.  The  writer  also  wishes  to  acknowledge  the  assistance  of 
Professor  Gregory  in  preparing  the  mathematical  discussion  of  the 
results  of  the  tests. 
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'Mr.  Higgins  asks  why  none  of  the  gauge  readings  taken  from  Mr.  Maitby. 
piezometers  located  in  the  pnmp  casings  as  shown  in  Figs.  24,  34, 
36  and  37  agree  with  the  delivery  heads  on  the  discharge  pipe  of 
the  same  pump.  The  piezometers  on  the  pump  casings  were  located 
along  a  horizontal  line  passing  through  the  axis  of  the  pump;  the 
delivery  head  was  taken  at  the  flange  of  the  discharge  opening  of 
the  pump.  The  writer  sees  no  reason  why  the  same  pressure  should 
be  indicated  in  different  parts  of  the  pump. 

The  fact  must  not  be  lost  sight  of  in  the  mathematical  discussion 
of  the  performances  of  the  pumps,  that  primarily  a  dredge  is  de- 
signed to  handle  material,  and  that  its  ability  to  do  this  in  a  fairly 
satisfactory  manner  is  not  dependent  on  a  very  close  application  of 
mathematical  formulas  in  the  design  of  the  pump  is  very  forcibly 
illustrated  by  Mr.  Sturtevant,  and  it  is  shown  on  page  448  that  the 
extreme  range  of  efficiencies  on  six  dredges  and  at  various  speeds 
varies  only  about  10  per  cent.  , 

The  remarks  of  Mr.  Sturtevant  as  to  the  cost  of  dredging  per 
cubic  yard  on  the  Mississippi  River  are  pertinent  and  directly  to 
the  point.  The  cost  per  yard  cannot  be  given,  not  because  there  is 
any  hesitancy  in  making  public  such  information,  but  because  it 
cannot  be  determined.  The  actual  amount  of  material  moved  by 
these  dredges  cannot  be  measured.  It  would  be  impracticable  to 
let  by  contract  the  work  performed  by  these  dredges  except  on  the 
basis  of  a  lump  sum  for  maintaining  a  channel  of  a  fixed  depth. 
To  maintain  a  channel  9  ft.  in  depth,  as  projected,  has  cost,  during 
the  last  few  years,  about  $250  000  per  year.  This  amount  includes 
all  expenses  of  care  and  repair  of  plant  and  operating  expenses.  It 
is  subject,  however,  to  wide  variations  as  the  amount  of  dredging  in 
one  season  may  be  double  that  of  the  preceding  or  succeeding  years. 

Answering  Mr.  Hall's  questions,  the  cost  of  building  a  dredge 
of  the  self-propelling  type  and  size  of  the  Kappa  would  be,  at  pres- 
ent, about  $175  000,  complete  with  500  ft.  of  pipe  line.  The  size 
of  the  stones  which  a  pump  will  handle  occasionally  is  regulated  by 
the  screen  bars,  or  about  6  by  8  in. 

From  the  writer's  experience  with  gravel,  he  does  not  believe 
that  a  suction  dredge  will  operate  economically  in  bars  composed  of 
a  large  proportion  of  gravel  and  only  a  small  proportion  of  sand. 
In  a  bar  of  pure  gravel,  the  material  does  not  flow  readily  to  the 
suction  openings,  and  it  is  difficult  to  feed  into  the  material.  The 
pumps  will  handle  the  material  readily  if  it  can  once  be  gotten  into 
the  suction  pipes.  The  most  serious  objection  to  handling  gravel 
arises  from  the  enormous  wear  in  the  pumps  and  pipes.  During  the 
season  just  past,  we  have  worn  out  the  pump  on  one  dredge  which 
operated  in  gravel  for  less  than  two  months.  The  entire  runner  and 
the  linings  of  the  pump  casing  will   require  renewing.     The  dis- 
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Maj.  Sanford. 


charge  pipe  was  worn  entirely  through.  This  pump  would  have 
C'perated  in  ordinary  sand  for  at  least  ten  months  of  actual  dredging 
with  only  slight  repairs. 

J.  C.  Sanford,  Philadelphia,  Pa.*  (By  letter.) — Eef erring  to  the 
discussion  of  Mr.  Eobinson,  regarding  sea-going  suction  dredges, 
the  writer  would  say  that  all  these  dredges  were  built  under  a  fixed 
limit  of  cost  and  with  a  view  to  obtaining  as  large  bin  capacity  as 
possible  consistent  with  this  limit  and  with  reasonable  speed  and  a 
thoroughly  seaworthy  hull,  these  being  practically  unalterable  por- 
tions of  the  construction.  On  all  the  dredges,  larger  pumps  can  be 
placed  at  any  time  if  found  desirable,  as  each  has  a  large  surplus 
boiler  capacity,  the  smaller  pumps  being  then  available  for  use  on 
the  smaller  dredges.  At  some  of  the  localities  where  these  dredges 
work  the  distance  to  the  point  of  dumping  a  load  is  very  great  (at 
New  York  Harbor,  for  instance,  the  time  of  pumping  with  the  20-in. 
pumps  is  only  about  one-third  of  the  total  working  time),  and  it  is 
essential  that  as  large  loads  as  possible  be  carried.  Under  the  cost 
limit,  if  larger  pumps  and  accessories  had  been  provided,  the  hull 
and  bins  would  have  been  correspondingly  smaller,  and  it  is  doubt- 
ful if  the  saving  in  time  of  pumping  would  have  compensated  there- 
for, particularly  in  view  of  the  fact,  as  stated  above,  that  the  size 
of  pumps  can  afterwards  be  increased  while  the  hull  cannot. 

One  of  the  principal  items  of  expense  in  operating  these  dredges 
is  the  cost  and  delay  in  repairing  damages  of  the  various  parts  of 
the  pumping  outfit.  These  dredges,  being  intended  for  work  on 
bars  in  the  open  ocean,  work  usually  in  rough  weather  and  often  in 
storms  of  considerable  force;  moreover,  these  bars  are  often  strewn 
with  wreckage  and  heavy  obstructions  of  all  sorts.  Under  these  con- 
ditions, the  handling  of  the  suction  pipes  requires  the  utmost  skill, 
and,  with  the  best  handling,  numerous  accidents  occur.  With  in- 
crease in  size  of  pipes,  the  cost  and  time  of  repairing  such  damages 
increase,  and,  in  certain  localities,  proper  facilities  for  repairing  very 
large  suctions  do  not  exist.  All  the  larger  sea-going  suction  dredges 
having  been  constructed  at  practically  the  same  time,  and  none  of 
them  having  been  long  in  service,  the  question  of  the  maximum  size 
of  pumps  and  accessories  which  can  be  used  to  advantage  and 
economy  on  these  bars  has  not  yet  been  determined  by  experience; 
but  it  is  possible  that,  for  some  of  these  localities,  an  increase  in  the 
size  of  pumps  will  hereafter  be  made.  The  dredge,  Chiv.ooh,  was 
constructed  under  peculiar  conditions,  described  on  pages  313  and 
314  of  the  writer's  paper,  and  as  an  experiment,  it  being  seriously 
doubted  if  any  dredge  could  work  at  the  mouth  of  the  Columbia 
River,  It  was  regarded  as  of  the  utmost  importance  that  this  ex- 
periment should  be  tried  at  the  earliest  possible  moment.     The  ar- 
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rangements  for  constructing  her  pumping  machinery  were,  there-  Maj.  Sanford. 
fore,  made  by  telegraph  (the  machinery  ordered  being  practically  a 
duplicate  of  that  constructed  for  other  dredges)  for  the  purpose  of 
saving  time  and  because  20-in.  pumps  would  be  sufficiently  large 
for  the  experiment  and  could  be  handled  readily  in  the  heavy  seas 
usually  found  on  this  bar.  A  subsequent  increase  of  pumping 
power,  if  the  experiment  proves  successful,  was  had  in  mind  at 
the  time. 

Had  there  been  no  limit  of  cost  on  these  dredges,  triple-expansion 
engines  would  probably  have  been  used,  especially  on  dredges  con- 
structed for  localities  where  fuel  is  quite  expensive.  Under  the 
usual  conditions  of  their  work,  however,  compound  engines  have 
been  found  fairly  economical. 
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VENTILATION  OF  TUNNELS. 

By  Charles  S.  Churchill,  M.  Am.  Soc.  C.  E. 


A  careful  study  of  the  progress  made  in  tunnel  ventilation 
during  the  last  ten  years  brings  out  clearly  the  following  facts: 

First. — Heavy  increase  in  railroad  traffic  has  made  necessary 
the  installation  of  ventilating  systems  in  tunnels  which,  originally, 
were  free  from  serious  heat  or  accumulation  of  foul  gases. 

Second. — This  same  increase  has  shown  the  fallacy  of  "hit-or- 
miss"  ventilation,  and  also  of  the  system  of  "wire-drawing"  mixed 
air  and  gases  through  a  small  shaft  from  a  tunnel  of  large  section. 
It  has  also  proved  that  mechanical  plants  which  were  once  measur- 
ably satisfactory  are  now  wholly  inadequate. 

Third. — The  public  has  become  more  critical,  and  what  was 
once  satisfactory  is  no  longer  accepted  as  good  ventilation. 

Fourth. — The  accidental  stoppage,  at  an  intermediate  point  in 
a  tunnel,  of  trains  equipped  with  either  steam  or  electrical  power, 
has  shown  the  importance  of  the  frequent,  complete  and  positive 
change  of  air  in  every  part  of  a  subway  or  tunnel. 

Transportation  companies  have  been  seeking  improvement  in 
two  ways: 

The  indirect  way,  of  decreasing  the  cause  of  noxious  gases,  has 
led  to  abandoning  the  use  of  soft  coal  in  some  tunnels,  and  the 


526  VENTILATION   OF    TUNNELS. 

substitution  of  anthracite  coal;  next,  coke;  and  finally,  liquid  fuel; 
and  the  last  resort  in  this  line  is  the  substitution  of  electric  for 
steam  power. 

The  direct  way  has  resulted  in  the  installation  of  mechanical 
plants  of  increased  power  and  efficiency,  which  furnish  positive  and 
well-controlled  ventilation,  such  as  demanded. 


TUKNELS    IN    WHICH    THE    VeXTILATION    IS    IMPROVED    BY    IkDIRECT 

Means. 

Arlberg  Tunnel,  on  the  Arlberg  Railroad,  between  St.  Anton 
and  Langen,  is  6.4  miles  long,  and  has  a  sectional  area  of  442.6 
sq.  ft.  Beginning  at  the  eastern  end,  there  is  an  ascending  grade, 
in  tunnel,  of  0.2%  for  2.6  miles;  the  remainder  of  the  tunnel  being 
on  a  descending  grade  of  1.5%  to  St.  Anton.  Of  natural  currents 
in  this  tunnel,  those  from  the  west  predominate,  but  there  is  often 
a  complete  stoppage  of  currents  for  as  long  as  3  or  4  hr.  during 
the  period  of  reversion  in  the  direction  of  the  current. 

As  early  as  1885,  with  moderate  traffic,  it  was  found  to  be  im- 
practicable to  use  coal  for  fuel  in  this  tunnel,  and  coke  was  sub- 
stituted. Beginning  with  1890,  several  men  were  overcome  with 
gases.  The  first  remedy  was  to  dry  the  coke  and  then  use  it  while 
passing  through  the  tunnel;  the  next  was  to  keep  trains  1  hr.  apart; 
but  serious  accidents  to  employees  still  occurred.  An  experiment 
was  then  tried  of  conducting  fresh  air  in  a  pipe  laid  along  the 
masonry  to  a  point  far  toward  the  center;  but,  this  not  being  suc- 
cessful, petroleum  fuel  was  tried  in  1894.  This  proved  so  satis- 
factory that,  in  1896,  all  locomotives  were  equipped  for  petroleum 
as  a  fuel,  and  its  use  in  Arlberg  Tunnel  has  since  been  continued. 

The  tunnels  of  the  Metropolitan  Railway,  London,  though  par- 
tially ventilated,  were  the  subject  of  serious  complaints  in  1897. 
The  substance  of  the  "Report  of  the  Special  Committee,"  named 
by  the  London  Board  of  Trade,  in  189Y,  to  examine  these  tunnels, 
was  as  follows: 

With  a  traffic  of  forty  trains  per  hour  as  a  maximum,  natural 
ventilation  is  quite  impracticable,  and  mechanical  ventilation  must 
be  carried  on  on  a  large  scale.  The  existing  system  of  "wire- 
drawing" the  air  and  gases  from  the  large  tunnel  section  of  the 


VENTILATION    OF   TUNNELS.  527 

Metropolitan  District  Eailway  Tunnel,  through  two  openings,  about 
8  ft.  in  diameter,  and  discharging  them  above  the  tops  of  the 
houses,  was  found  quite  inadequate.  The  existing  traffic  demanded 
a  complete  change  of  air  in  the  tunnel  every  2.5  min.,  or  in  the 
time  required  by  a  train  to  pass  through  the  tunnel.  A  ventilating 
plant  was  suggested  for  each  0.5-mile  section,  to  be  located  in  the 
middle  thereof;  the  stations  to  furnish  inlets  for  fresh  air  each  0.5 
mile,  and  the  outlet  shafts  to  have  an  area  equal  to  the  tunnel 
section,  and  be  carried  above  the  tops  of  the  adjacent  houses.  The 
ventilating  plant  of  each  0.5-mile  section  would  be  required  to 
remove  about  295  000  cu.  ft.  of  air  per  min.  This  system  was 
estimated  to  be  very  expensive. 

This  same  Committee  found  the  South  London  Electric  Railway 
parallel  tunnels,  although  equipped  with  frequent  connecting  cross- 
shafts  between  stations,  to  be  musty,  heavy  and  oppressive,  and 
mechanical  ventilation  was  recommended  for  these  electric-powei 
tunnels. 

lu  conclusion,  this  Conamittee  stated  the  most  satisfactory  plan 
to  be  the  adoption  of  electric  traction  in  all  Metropolitan  tunnels, 
which  recommendation  is  being  carried  out. 

The  City  and  South  London  Railway  line,  at  the  outset,  was 
constructed  for  the  use  of  electric  power.  The  iron  tunnels  or 
tubes  being  only  10  ft.  2  in.,  inside  diameter,  it  was  expected  that 
the  trains  themselves  would  furnish  ventilation,  on  the  so-called 
plunger  system;  but,  under  moderate  traffic,  the  air  in  these  tubes 
was  declared  poor;  and,  early  in  1902,  through  some  slight  derange- 
ment of  traffic,  a  train  was  stopped  between  stations,  and  the  air 
at  once  became  more  oppressive  than  the  reporter  had  ever  ex- 
perienced from  coal  fumes  in  the  Metropolitan  Tunnels.  It  was 
found  that  the  piston  action  of  trains  in  these '  tunnels  often  drove 
the  vitiated  air  backward  and  forward  without  furnishing  ventila- 
tion. During  1902  a  ventilating  fan  was  installed  at  Bond  Street 
Station,  so  as  to  change  the  air  in  the  tubes  periodically. 

The  Mersey  Tunnel,  at  Liverpool,  is  2  miles  long,  with  an 
interior  width  of  26  ft.,  and  3%  grades  descending  from  both  sides 
to  pass  under  the  Mersey  River.  The  area  of  the  section  is  about 
425  sq.  ft.;  the  cubical  contents,  between  the  river  stations,  are 
about  2  700  000  cu.  ft. 
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This  tunnel  has  often  been  referred  to  as  having  been  originally 
constructed  in  1886  with  the  most  complete  and  scientific  ventilating 
system.  The  stations  on  each  side  of  the  river  are  1.2  miles  apart, 
and  underground.  Above  each  of  these  stations  is  a  ventilating 
plant  consisting  of  two  fans,  10  by  30  ft.  in  diameter,  and  two 
others,  12  by  40  ft.  in  diameter;  the  total  capacity  of  the  four  fans 
being  500  000  cu.  ft.  of  air  per  min.  These  two  plants  are  con- 
nected with  the  tunnel  by  a  parallel  ventilating  drift,  7  ft.  2  in. 
in  diameter,  connected  to  the  tunnel  at  the  central  point,  about 
0.6  mile  from  each  station,  also  at  points  about  0.25  mile  from 
each  station  toward  the  portals.  One  of  the  four  fans  is  attached 
to  each  section.  Foul  air  is  drawn  out  through  these  connections 
by  the  air  drift,  and  the  fresh  air  comes  through  the  stations 
directly  into  the  tunnel.  This  arrangement  provides  two  fans 
having  a  total  capacity  of  260  000  cu.  ft.  per  min.  to  the  river 
section,  1.2  miles  long,  between  stations.  This  plant  gave  satis- 
faction under  a  traffic  of  300  trains  per  day,  the  spacing  being  one 
train  each  way,  5  min.  apart.  In  recent  years,  however,  under  very 
heavy  traffic,  the  air-shaft  became  coated  with  soot  from  2  to  3  in. 
in  depth,  and  the  distance  between  the  connections  of  this  com- 
paratively small  air-way  to  the  tunnel  under  the  river  has  been 
found  too  great  to  give  the  ventilation  now  desired  for  the  present 
traffic;  consequently,  it  is  reported  that  arrangements  have  been 
made  for  electrical  power.  Therefore,  by  avoiding  smoke  alto- 
gether, the  present  plant  will  certainly  keep  the  air  in  the  Mersey 
Tunnel  pure. 

Park  Avenue  Tunnel,  New  York  City,  on  the  New  York  Cen- 
tral and  Hudson  River  Railroad,  is  2  miles  long,  and  is  arranged 
for  four  tracks.  About  0.5  mile  is  a  single  tunnel,  of  50  ft.  span, 
and  the  remainder  is  divided,  by  cross-walls,  into  one  double-track 
and  two  single-track  spans.  About  1  mile  of  the  former  has  open- 
ings, 20  by  150  ft.,  into  the  street  on  each  street  block,  and  0.5 
mile  of  the  former  has  three  ventilating  shafts,  20  by  25  ft.,  on 
each  street  block.  The  single-span  section,  0.5  mile  long,  has  shaftS; 
4  ft.  in  diameter,  up  to  the  surface,  spaced  about  50  ft.  apart.  The 
sectional  area  of  the  tunnel  of  50-ft.  span  is  1  062  sq.  ft.  The  total 
sectional  area  of  the  0.5  mile  of  divided  tunnel  ventilated  by  shafts 
aggregates  about  870  sq.  ft.,  and  the  total  sectional  area  of  divided 
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tunnel,  1  mile  long,  ventilated  into  the  street  by  long  openings, 
aggregates  about  801  sq.  ft. 

After  the  accident  in  this  tunnel,  in  1891,  compressed  air  was 
tried  for  a  short  time  to  improve  ventilation,  but  was  not  a  success. 
In  1901  the  openings  in  the  roof  were  declared  by  the  press  to  be 
inadequate  for  the  largely  increased  traffic,  and  the  method  was 
called  "hit-or-miss"  in  its  action  because  dependent  upon  natural 
air  currents  and  those  produced  by  trains  either  favorable  or  un- 
favorable to  ventilation. 

After  the  train  accident  of  January  8th,  1902,  in  this  tunnel, 
the  improvement  of  its  ventilation  was  again  widely  discussed. 
One  plan  advanced  required  five  shafts,  2  000  ft.  apart,  alongside 
the  tunnel,  each  shaft  extending  above  the  tops  of  the  adjacent 
buildings,  and  having  an  area  of  400  sq.  ft.  The  plan  required 
large  inlets  for  fresh  air  midway  between  the  shafts,  and  the  foul 
air  was  to  be  drawn  up  each  shaft  by  a  fan  at  the  foot  having  a 
capacity  of  750  000  cu.  ft.  of  air  per  min.,  giving  a  velocity  of  1  000 
ft.  per  min.  in  the  tunnel.  While  it  was  acknowledged  that  there 
would  be  some  reversals  of  currents  between  the  shafts,  it  was 
claimed  that  the  distances  apart,  of  openings  and  shafts,  were  too 
short  to  conflict  seriously  with  good  ventilation. 

The  Railroad  Commissioners  of  the  State  of  New  York,  after 
making  an  extended  study  of  the  question,  required  that  fresh  soft 
coal  be  not  used  by  engines  passing  through  the  tunnel,  but  that 
anthracite  coal  be  used  instead,  and  that  no  firing  be  done  in  the 
tunnel  except  on  emergency;  further,  that  there  did  not  appear  to 
be  any  feasible  way  of  ventilating  this  tunnel,  considering  location 
and  increasing  volume  of  traffic;  therefore,  electric  motors  were 
recommended. 

The  increasing  volume  of  traffic  to  be  provided  for  seemed  to 
be  the  determining  factor,  on  the  part  of  the  New  York  Central 
Railway  Company,  which  led  to  the  construction  work  now  in 
progress  providing  large  additions  to  traffic  facilities  under  electri- 
cal operation. 

St.  Clair  Tunnel,  on  the  Grand  Trunk  Railway,  is  6  000  ft.  long, 
and  consists  of  an  iron  tube,  20  ft.  inside  diameter,  arranged  for 
one  track.  The  descent  under  the  river  is  2  000  ft.  long  on  each 
side,  on  a  2%  grade,  and  the  central  section  of  2  000  ft.  is  on  a  1% 
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grade;  the  area  of  the  section  is  about  300  sq.  ft.,  and  the  cubic 
contents  about  1  800  000  cu.  ft.  Two  blowers  were  installed  at  eacli 
end  of  the  tunnel,  drawing  air  out  of  the  tunnel  through  a  pipe  2  ft. 
in  diameter,  the  capacity  of  each  blower  being  10  000  cu.  ft.  of  air 
per  min. ;  so  that,  if  eiiective,  45  min.  would  serve  to  remove 
a  volume  of  air  equal  to  the  contents  of  the  tunnel.  This  method 
of  ventilation  was  reported  in  1892  to  be  not  entirely  satisfactory; 
but  the  high  ends  of  the  tunnel  aided  ventilation,  so  that  it  cleared 
in  reasonable  time,  but  trouble  from  bad  air  occurred  when  trains 
broke  in  two  in  the  tunnel.  Since  the  latter  part  of  1892,  engines 
at  the  heads  of  trains  are  run  with  tenders  ahead  so  that  the  engi- 
neers will  not  be  troubled  with  smoke  and  steam,  and,  further, 
anthracite  coal  is  used  for  fuel. 

Cascade  Tunnel,  on  the  Great  Northern  Railway,  is  13  283  ft. 
long,  on  a  l.Y%  grade  against  east-bound  traffic,  and  is  a  single- 
track  tunnel,  lined  with  concrete.  No  special  ventilation  is  pro- 
vided, and  some  trouble  has  been  experienced  from  heat  and  gases, 
in  the  case  of  east-bound  trains.  At  present  these  trains  are  pushed 
instead  of  being  pulled  through  the  tunnel.  The  pusher  engine  is 
provided  with  a  special  smoke-stack  hood  which  directs  the  smoke 
backward  instead  of  against  the  roof  of  the  tunnel,  this  device 
having  proved  very  helpful. 

Tunnels  Ventilated  by  Mechanical  Plants. 

Pracchia  Tunnel,  between  Florence  and  Bologna,  is  9  000  ft. 
long,  and  has  a  single  track.  It  is  built  on  a  grade  of  2.5  per  cent. 
Freight  trains  require  engines  in  front  and  rear,  up  this  grade,  and, 
until  mechanical  ventilation  was  established,  the  current  was  from 
the  lower  to  the  upper  end,  and  the  smoke  of  an  up-train  traveled 
with  it. 

The  Italian  engineer,  M.  Saccardo,  established  a  ventilating 
plant,  at  the  upper  end  of  this  tunnel,  which  delivers  164  000  cu.  ft, 
of  air  into  the  tunnel,  and  induces  about  46  000  cu.  ft.  additional ; 
total,  210  000  cu.  ft.  per  min.  at  a  water  pressure  of  1  in.  This 
plant  was  described  by  Francis  Fox,  M.  Inst.  C.  E.,  before  The 
Institution  of  Civil  Engineers,  in  1898.  Mr.  Fox  stated  that  it 
ventilates  this  tunnel  successfully. 
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It  consists  of  a  fan  discharging  air  into  a  chamber  at  the  end 
of  the  tunnel,  the  discharge  into  the  tunnel  being  through  a  space 
between  the  inner  face  of  the  tunnel  and  a  lining  inside  of  it 
occupying  a  portion  of  the  tunnel  section  23  ft.  long,  and  made 
just  large  enough  to  pass  a  train.  Reliance  is  placed,  not  only  on 
the  current  from  the  fan,  but  also  upon  a  current  from  the  outside 
of  the  tunnel  which  is  induced  by  the  current  directly  from  the  fan. 
St.  Gothard  Tunnel,  on  the  St.  Gothard  Railway  from  Lucerne 
to  Milan,  is  9.3  miles  long  and  26  ft.  wide.  M.  Saccardo,  in  1899, 
installed  at  this  tunnel  a  ventilating  plant  which  is  located  at  the 
north  end;  the  direction  of  the  current  delivered  is  the  same  as 
the  natural  current.  Two  blowers  are  installed  in  a  chamber  which 
projects  into  the  tunnel.  This  plant  produces  a  current  through 
the  tunnel  having  a  velocity  of  552  ft.  per  min.,  which  is  found  to 
be  satisfactory.  In  1897  the  traffic  through  this  tunnel  amounted 
to  sixty-one  trains  in  24  hr. 

Giovi  Tunnel,  6  miles  long,  north  of  Genoa,  Italy,  was  also 
ventilated  by  M.  Saccardo  in  1902. 

Simplon  Tunnel,  which  is  12.4  miles  long,  is  between  Brieg 
and  Iselle,  on  the  Italian  side  of  the  Alps.  It  is  straight,  except  for 
a  short  curve  at  each  end,  and  is  composed  of  two  single-track 
tunnels  spaced  55.76  ft.  from  center  to  center,  each  tunnel  being 
19  ft.  wide  and  19.3  ft.  high.  Only  one  of  these  tunnels.  No.  1, 
has  been  built  to  the  full  section,  the  other  being  taken  out  to  a 
width  of  about  6.5  ft.  and  a  height  of  10  ft.,  connected  to  Tunnel 
No.  1  by  galleries  every  656  ft.,  and  used  for  construction  needs. 

For  construction  purposes  first,  and  for  operation  purposes 
finally,  permanent  ventilating  plants  have  been  installed  at  the 
ends  of  this  tunnel,  each  consisting  of  two  200-h.  p.  turbines,  run- 
ning 400  rev.  per  min.,  and  driving  two  fans,  12.3  ft.  in  diameter. 
The  fans  are  arranged  somewhat  differently  at  each  end,  but  the 
arrangement  at  the  Swiss  end,  as  in  Fig.  1,  shows  fully  the  ventila 
tion  system  provided.  At  this  end  the  fans  are  placed  directly  at 
the  portal,  one  above  the  other  (see  plan),  and  the  air  passage  is 
carried  across  the  roof  of  the  tunnel,  thence  directly,  by  a  secondary 
passage,  11.5  ft.  high,  with  an  area  of  36  sq.  ft.,  to  Tunnel  No.  1  now 
operated.  A  similar  air  passage  is  provided  at  Tunnel  No.  2. 
Doors  in  the  main  air  passage  provide  for  the  delivery  of  air  to 
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either  tunnel.  The  plant  at  each  end  will  furnish  a  maximum  of 
106  000  cu.  ft.  of  air  per  min.  at  a  pressure  of  9.85  in.  of  water. 
Sail-cloth  curtains,  operated  by  electric  motors,  close  the  tunnel 
portals,  and  are  required  to  insure  ventilation  under  this  system. 
The  fans  at  the  ends  of  this  tunnel  can  be  used  either  to  draw 
gases  out  or  force  fresh  air  into  the  tunnel. 

Hoosac  Tunnel,  on  the  Boston  and  Maine  Railroad,  is  4.7  miles 
long,  and  is  straight,  with  a  rising  grade  of  0.5%  from  each  end  to 
the  center,  where  there  is  a  shaft,  1 028  ft.  high,  the  grades  and 
shaft  being  favorable  to  natural  ventilation.  The  tunnel  has  two 
tracks,  and  is  from  24  to  26  ft.  wide  and  22.5  ft.  high.  The  central 
shaft  is  elliptical  in  section,  with  diameters  of  15  and  27  ft.  The 
portals  are  protected  by  doors  for  use  in  winter  as  a  preventive  of 
ice  formation  in  the  tunnel.  The  shortest  observed  time  of  clear- 
ance of  the  tunnel  by  the  shaft,  in  the  winter,  was  about  20  min.; 
in  summer,  air  currents  descend  through  the  shaft.  The  area  of 
the  section  is  512  sq.  ft.,  and  the  cubic  contents  are  about  12  700  000 
cu.  ft. 

In  1890,  sixty-five  trains  per  day  through  this  tunnel  was  the 
maximum,  and  this  number  was  regarded  as  being  close  to  the 
limit  for  natural  ventilation  by  shaft. 

In  1899,  a  ventilating  fan  was  installed  on  top  of  the  central 
ventilating  shaft,  and  arranged  to  draw  smoke  and  gases  from  the 
tunnel  through  the  shaft.  The  fan  is  operated  by  a  125-h.  p. 
electric  motor,  the  current  being  supplied  from  North  Adams,  5 
miles  distant.  When  installed,  this  plant  was  not  expected  to 
ventilate  the  tunnel  fully,  and  in  1900  the  statement  was  made 
that,  finally,  a  larger  one  would  be  advisable. 

The  Boston  Subway  Tunnel  is  aboiit  1.8  miles  long,  the  double- 
tracked  sections  having  an  area  of  332  sq.  ft.,  and  the  four-tracked 
sections,  707  sq.  ft.  The  trains  are  operated  by  electric  power. 
This  tunnel  is  ventilated  by  exhaust  fans  set  in  chambers  adjoin- 
ing the  tunnel  and  about  midway  between  stations.  These  are 
placed  vertically,  and  directly  against  the  opening  connecting  the 
fan  chamber  with  the  tunnel.  They  take  the  air  from  the  tunnel 
and  discharge  it  upward,  generally  through  grated  openings  in  the 
street  sidewalks,  but,  in  two  cases  they  discharge  through  low  shafts, 
one  of  these  being  in  Boston  Common,  the  other  in  Kings  Chapel 
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Burying  Ground.  Fresh  air  enters  at  the  stations  and  flows  each 
way  to  the  fans,  the  latter  having  been  estimated  originally  to 
have  sufficient  capacity  to  move  the  air  through  the  subway  at  a 
velocity  of  60  ft.  per  min.,  and  to  change  the  air  in  the  subway 
tunnel  once  in  about  10  min. 

A  general  idea  of  this  ventilating  system  may  be  gained  from 
the  following  description  of  two  sections  of  the  Subway  Tunnel: 

The  section  between  Park  Street  Station  and  Boylston  Street 
Station  is  four-tracked,  its  area  is  707  sq.  ft.,  and  the  distance 
between  the  centers  of  the  stations  is  1  250  ft.  The  cubical  con- 
tents of  this  section  of  tunnel,  therefore,  are  about  884  000  cu.  ft. 
It  is  ventilated  by  two  fans,  each  having  a  diameter  of  8  ft.,  and 
a  rated  speed  of  about  225  rev.  per  min.,  the  fans  being  located 
about  midway  between  the  stations. 

The  section  between  Park  Street  Station  and  Scollay  Square 
Station  is  two-tracked,  its  area  is  332  sq.  ft.,  and  the  distance 
between  the  centers  of  the  stations  is  1  450  ft.  The  cubical  contents 
of  this  section  of  tunnel,  therefore,  are  about  481 000  cu.  ft.  It 
is  ventilated  by  two  fans,  each  having  a  diameter  of  7  ft.  and  a 
rated  speed  of  about  225  rev.  per  min.,  the  fans  being  located  about 
midway  between  the  stations. 

Plate  XXXVIII  shows  clearly  the  method  of  installation  and 
operation. 

East  Mahanoy  Tunnel  is  on  the  Philadelphia  and  Reading  Hail- 
road,  2.2  miles  east  of  Mahanoy  City.  It  is  3  406  ft.  long,  straight, 
and  on  a  grade  of  0.7%  rising  to  the  north.  While  built  for  a 
single  track,  the  upper  half  of  the  section  is  enlarged  partly  toward 
a  second  track,  the  sectional  area  being  336  sq.  ft.  and  the  cubical 
contents  about  1 145  000  cu.  ft.  Traffic  through  this  tunnel  is  quite 
heavy,  and,  before  a  ventilation  plant  was  installed,  the  air  in  the 
tunnel  was  often  so  foul  that  it  became  unsafe  for  crews  of  slow 
trains. 

The  plan  adopted  for  ventilating  this  tunnel  took  advantage  of 
an  old  slope,  excavated  in  the  Buck  Mountain  Coal  Vein,  by  using 
this  opening,  which  is  directly  over  the  tunnel,  as  an  air-way.  This 
air-way  enters  the  tunnel  850  ft.  from  the  north  portal  and  2  556  ft. 
from  the  south  portal.  It  has  an  average  area  of  150  sq.  ft.,  and 
its  total  length  is  385  ft.     At  the  top  of  this  air- way  there  is  a 
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double  fan  attached  to  one  shaft,  the  diameter  of  the  fan-wheels 
being  21  ft.  The  normal  speed  of  the  fans  is  100  rev.  per  mip..,  and 
the  boiler  power  is  rated  at  120  h.  p.  The  area  of  the  tunnel  has 
been  reduced,  north  of  the  air-way,  to  compensate  for  the  difference 
in  length  from  the  air-way  entrance  to  each  portal,  the  distance  to 
the  north  portal  being  only  about  one-third  of  that  to  the  south 
portal.  This  reduction  to  a  tunnel  section  of  198  sq.  ft.  (being 
just  large  enough  to  pass  trains  safely),  is  made  at  a  point  155  ft. 
from  the  north  portal. 

After  completion,  in  1900,  the  fans,  at  normal  speed,  were  found 
to  remove  251  000  cu.  ft.  of  air  per  min. ;  so  that  the  contents  of 
the  tunnel  can  be  displaced  in  about  5  min.  if  all  the  air  should  pass 
up  the  air-way.  During  April,  1903,  a  test  was  made  of  the  time 
required  to  clear  the  tunnel  after  the  passage  of  heavy  trains. 
The  average  time  after  each  of  eleven  north-bound  trains  in  good 
clear  weather  was  12  min.,  and  the  average  after  each  of  twelve 
south-bound  trains  was  lOJ  min.  It  is  found  that  it  is  much  more 
difficult  to  clear  this  tunnel  on  a  wet,  foggy  day,  and  the  time  also 
varies  with  the  condition  of  the  wind  and  the  temperature;  but  the 
foregoing  is  stated  to  be  a  fair  average  in  ordinarily  good  weather. 

Figs.  2  and  3  show  the  local  conditions  and  the  detailed  arrange- 
ment of  this  plant. 

The  Baltimore  Tunnel,  on  the  Philadelphia,  Baltimore  and 
Washington  Railroad,  is  located  under  Wilson  Street,  Baltimore, 
extending  from  Pennsylvania  Avenue  to  near  North  Avenue,  and 
has  a  length  of  3  700  ft.  North  of  this  the  roadbed  was  in  excava- 
tion for  a  distance  of  200  ft.,  followed  by  another  tunnel,  945  ft- 
long.  The  portion  under  Wilson  Street  is  straight;  the  remainder 
is  on  a  curve.  The  grade  is  1.35%,  rising  toward  the  south.  The 
maximum  width  of  the  section  is  27  ft.,  with  two  tracks ;  the  height 
is  22  ft.,  and  the  area  of  the  tunnel  section  is  444  sq.  ft. 

In  1892  a  plant  was  installed  at  the  corner  of  Madison  Street, 
1  460  ft.  from  the  south  end  of  the  tunnel,  to  ventilate  the  southern 
tunnel,  3  700  ft.  long,  the  plant  consisting  of  one  fan,  15  ft.  in 
diameter,  discharging  through  an  air-way,  having  an  area  of  117 
sq.  ft.,  into  a  stack,  100  ft.  high,  the  sectional  area  of  which  is  182 
sq.  ft.     This  fan  is  operated  at  about  150  rev.  per  min. 

This    plant    alone    has    not    been    entirely    satisfactory    in    its 
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operation.  Trouble  was  experienced  from  soot  being  deposited  in 
the  stack,  which,  after  it  had  reached  a  certain  thickness,  blew  out 
and  constituted  a  public  nuisance  in  this  residential  district.  It 
was  further  desirable  to  close  in  the  open  cut  and  remove  all  smoke 
from  both  tunnels  through  a  stack.  The  closing  in  of  this  open 
cut  connecting  the  two  tunnels  makes  a  continuous  tunnel  4  845  ft. 
long,  with  a  cross-section  of  444  sq.  ft.  It  is  expected  that  the  new 
ventilating  plant  will  be  completed  and  put  into  operation  early 
in  May,  1904. 

Fig.  4  shows  the  location  of  the  fans  and  stack  on  ISTorth  Avenue, 
765  ft.  from  the  north  end,  and  also  the  arrangement  of  the  plant. 

The  air-way  from  the  tunnel  to  the  fans  has  a  total  sectional 
area  of  about  198  sq.  ft.  The  fan-house  contains  two  fans,  each 
7.5  by  15  ft.  in  diameter,  operated  by  electric  motors  at  a  normal 
speed  of  78  rev.  per  min.  Each  fan  is  capable  of  discharging 
113  000  cu.  ft.  of  air  per  min.,  or  a  total  of  226  000  cu.  ft.  per  min. 
into  the  stack. 

The  total  cubical  contents  of  this  tunnel  are  2  151  000  cu.  ft. 

The  North  Avenue  stack  is  150  ft.  high,  with  a  maximum  inside 
section  of  177  sq.  ft.  at  the  bottom,  and  a  minimum  inside  section 
of  113  sq.  ft.  at  the  top.  A  2-in,  galvanized  pipe  extends  from  the 
base  to  near  the  top  of  the  stack,  and  18  in.  from  the  top,  it  is 
connected  with  a  ring  of  2-in.  pipe  which  encircles  the  inside  of  the 
stack.  In  this  ring  J-in.  holes  are  drilled,  spaced  at  about  6  in.  from. 
center  to  center.  They  stand  at  an  angle  of  about  45°  from  the 
horizontal,  with  a  discharge  downward  and  toward  the  wall  of  the 
stack.  This  device  is  expected  to  wash  the  soot  from  the  inside  of 
the  chimney  to  the  bottom,  and  the  washing  is  done  two  or  three 
times  a  day,  depending  upon  the  quantity  which  accumulates. 

The  electric  current  to  operate  this  plant  is  furnished  from  a 
power-house  at  the  north  portal  of  the  tunnel,  and  the  feeders  are  of 
lead-covered  cable  running  through  the  tunnel. 

Big  Bend  Tunnel  is  on  the  Chesapeake  and  Ohio  Railway,  near 
Hinton,  West  Virginia.  It  is  a  straight,  single-track  tunnel,  and  is 
6  500  ft.  long.  It  has  a  width  of  15  ft.  3  in.,  a  height  of  17  ft. 
9  in.,  and  is  lined  with  brick.  Its  sectional  area  is  250  sq.  ft.,  the 
cubical  contents  of  the  whole  tunnel  being  1  625  000  cu.  ft.  There 
is  an  ascending  grade  of  0.4%  from  the  west  end  of  the  tunnel  for 
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two-thirds  of  its  length,  followed  by  a  descending  grade  of  0.08% 
to  the  east  end. 

Until  mechanical  ventilation  was  installed,  in  the  latter  part  of 
1902,  reliance  for  the  clearance  of  smoke  and  gases  was  placed  upon 
two  shafts  located  about  one-third  way  from  each  end,  and  extending 
from  the  tunnel  to  the  top  of  the  mountain.  Natural  currents  were 
inadequate  for  clearing,  however,  and,  under  an  average  daily  traffic 
of  forty-five  trains,  the  gases  were  very  bad  and  employees  were 
affected  seriously  by  them. 

Fig.  5  shows  the  general  arrangement  of  the  ventilating  plant, 
which  is  at  the  eastern  or  upper  end  of  the  tunnel,  the  type  of  the 
plant  being  the  same  as  that  installed  previously  at  Elkhorn  Tunnel, 
on  the  Norfolk  and  Western  Railway.  It  consists  of  a  nozzle,  50  ft. 
long,  attached  to  the  east  portal,  the  minimum  interior  cross-section 
of  which  is  the  same  as  that  of  the  tunnel.  This  nozzle  is  composed 
of  latticed  steel  ribs  to  which  are  riveted  longitudinal  channels,  which 
together  form  the  framework,  which  is  covered  by  i-in.  steel  plates. 
The  inner  surface  of  the  nozzle  is  formed  of  3  by  6-in.  tongued  and 
grooved,  dressed  pine  sheeting,  put  together  tightly,  attached  securely 
to  the  outer  framework,  and  covered,  finally,  with  an  asbestos  paint. 
The  inner  end  of  the  nozzle  is  secured  to  the  tunnel  portal,  and  to 
the  outer  end  are  attached  the  outlets  of  the  fans,  one  on  each  side 
of  the  track.  These  fans  are  7  ft.  wide  and  14  ft.  in  diameter,  each 
coupled  by  two  12  by  14-in.,  center-crank,  steam  engines,  fed  from 
boilers  located  a  short  distance  east  of  the  fans.  At  the  rated  speed 
of  144  rev.  per  min.,  these  two  fans  deliver  into  and  through  the 
tunnel,  by  the  nozzle,  a  total  of  300  000  cu.  ft.  of  fresh  air  per  min., 
the  measured  velocity  of  the  moving  current  in  the  tunnel  being 
1 200  ft.  per  min.  As  operated  at  present,  these  fans  do  not  run 
with  speed  except  when  trains  come  to  the  tunnel  at  either  end,  when 
the  average  velocity  does  not  generally  exceed  120  rev.,  at  which  rate 
the  two  fans  deliver  through  the  tunnel  a  total  of  250  000  cu.  ft.  of 
air  per  min.  Under  the  ordinary  plan  of  operation,  the  tunnel  is 
cleared  in  from  7  to  9  min.  after  the  passage  of  a  full-tonnage,  east- 
bound  train,  the  time  being  dependent  on  the  speed  of  the  fans.  A 
shorter  time  is  required  to  clear  the  tunnel  after  a  west -bound  train. 

The  fans  and  engines  are  constructed  to  run  at  a  higher  velocity 
than  144  rev.  per  min.,  so  as  to  deliver,  if  required,  as  much  as 
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400  000  cu.  ft.  of  fresh  air  per  min.  through  the  tunnel;  but,  up  to 
this  date,  only  a  portion  of  the  boiler  plant  has  been  installed. 

The  original  shafts  in  this  tunnel  have  been  closed,  and  the  smoke 
and  gases,  as  mixed  with  the  fresh  air  from  the  plant,  are  forced 
out  of  the  west  portal  of  the  tunnel  by  the  large  volume  of  pure  air 
passing  through  it  from  the  east  end. 

The  result  of  the  installation  of  this  plant  has  been  a  prompt 
clearing  of  the  tunnel  after  the  passage  of  each  train,  and  a  clear 
cool  atmosphere  on  the  arrival  of  every  following  train,  and,  as  a 
consequence,  the  tonnage  loading  of  east-bound  trains  has  been 
increased  from  1  700  tons,  which  was  the  rating  before  the  installa- 
tion of  this  plant,  to  the  present  rating  of  1  928  tons. 

Elkhorn  Tunnel,  on  the  Norfolk  and  Western  Railway,  is  at  Coal- 
dale,  West  Virginia,  on  the  divide  between  the  waters  of  New  River 
and  of  Big  Sandy  River.  This  divide,  in  Flat  Top  Mountain,  is 
crossed,  at  an  elevation  of  2  386  ft.,  by  means  of  Elkhorn  Tunnel, 
which  is  3  000  ft.  long,  and  has  a  single  track,  between  two  sections 
of  double-track  railroad.  The  straight  portion  of  this  tunnel  is  2  167 
ft.  long,  and  833  ft.  at  the  eastern  end  is  on  a  2°  curve.  The 
approach  from  the  west  is  on  an  up-grade  of  2.0%,  reducing  at  the 
west  portal  to  1.4%,  which  rate  of  grade  extends  through  the  tunnel 
to  the  summit,  located  a  few  hundred  feet  east  of  the  east  portal. 
The  tunnel  is  14  ft.  wide  and  19  ft.  high,  having  a  cross-section  of 
235  sq.  ft.     The  cubical  contents,  therefore,  are  705  000  cu.  ft. 

A  considerable  percentage  of  "Pocahontas"  coal,  mined  from  the 
west  slope  of  Flat  Top  Mountain,  and  destined  for  shipment  east, 
was  hauled  up  the  adverse  grade,  and  through  this  tunnel,  either  by 
two  heavy  engines  each  weighing  133  tons,  with  tender,  or  by  three 
engines  of  ordinary  weig'ht  to  each  train  of  about  1  200  tons.  If  two 
engines  were  used,  one  was  generally  placed  at  the  head  of  the  train 
and  one  in  the  rear.  In  case  three  engines  were  used,  one  was  placed 
at  the  head  of  the  train,  one  near  its  center,  and  one  in  the  rear, 
which  inconvenient  arrangement,  as  a  result  of  good  ventilation,  has 
since  been  changed.  The  records  at  the  time  of  the  construction  of 
the  ventilation  plant  show  the  number  of  two-engine,  east-bound 
trains,  to  be  about  eighteen  in  24  hr.,  and  of  three-engine,  east-bound 
trains,  about  thirty-nine.  The  total  number  of  all  movements 
through  the  tunnel,  both  east  and  west,  being  nearly  one  hundred  per 
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24  hr.  East-bound  trains,  several  in  number,  frequently  stand  to 
the  west  of  the  tunnel,  and  follow  each  other  through  the  tunnel  as 
quickly  as  they  get  signal  that  the  train  ahead  has  passed  out  of  the 
block,  which  ends  a  few  hundred  feet  east  of  the  east  portal.  Freight 
engineers  naturally  hurried  through  the  tunnel  as  quickly  as  pos- 
sible; the  time  of  a  fully-loaded,  east-bound,  freight  train  being 
about  5  min. 

On  account  of  the  heavy  grade  through  this  tunnel,  and  the 
number  of  engines  used  in  a  train,  the  quantity  of  smoke  and  gas 
emitted  from  one  train  is  very  great,  and  the  conditions  to  which 
train  crews  were  subjected  before  the  installation  of  the  ventilating 
plant,  were  bad.  Notes  taken  prior  to  ventilation  showed  that  in 
sunnner  from  17  to  55  min.  were  required  for  the  tunnel  to  clear 
after  the  passage  of  a  train.  The  shortest  time  of  clearance  noted 
was  in  winter,  when  it  averaged  about  20  min.,  though  it  was  fre- 
quently longer.  Each  train  crew,  therefore,  generally  had  to  con- 
tend with  not  only  the  smoke  of  their  own  train,  but  also  that  of 
one  or  more  previous  trains.  The  temperature  inside  the  tunnel 
became  about  30°  higher  than  the  outside  temperature,  on  the  passage 
of  a  train;  that  is,  with  the  outside  temperature  at  from  70  to  75°, 
that  found  1000  ft.  from  the  east  portal  was  103°,  and  this  became 
still  higher  as  the  outside  temperature  increased. 

During  the  four  years  immediately  prior  to  the  installation  of  a 
ventilating  plant,  twenty-six  men  were  asphyxiated  in  the  tunnel, 
only  one  of  whom,  however,  lost  his  life. 

Early  in  1900  the  Norfolk  and  Western  Railway  Company  decided 
to  ventilate  this  tunnel,  and,  later,  it  was  concluded  that  the  best 
plan  to  secure  the  desired  positive  results  was  to  ventilate  it  from 
one  end  by  forcing  fresh  air  through  the  whole  tunnel,  but  by  such 
construction  as  not  to  decrease  the  cross-section  of  the  tunnel  at  any 
point  and  also  provide  for  future  increase  of  traffic,  as  well  as  give 
more  complete  protection  to  trainmen  than  had  ever  been  attempted 
before. 

The  essential  features  of  the  plant  devised  are: 

First. — Fans  of  proper  dimensions  and  speed  installed  at  one  end 
of  the  tunnel  for  driving  fresh  air  into  it  at  the  pressure  determined 
upon;  and 

Second. — A  funnel-shaped  nozzle,  constructed  so  as  to  preserve 
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the  cross-section  of  the  tunnel,  and  at  the  same  time  provide  a 
reduced  area  of  outlet  through  which  a  blast  of  clear  air  can  be 
delivered  at  a  velocity  necessary  to  insure  its  passage  through  the 
entire  length  of  the  tunnel,  carrying  smoke  and  gases  before  it. 

It  was  decided  to  enlarge  the  tunnel  portal  at  the  west  end,  and 
make  the  back  wall  of  tbe  nozzle  of  masonry.  The  plan  was 
adopted:  First,  because,  there  being  a  curve  near  the  west  end,  a 
lengthening  of  the  tunnel  a  few  feet  would  cause  several  compli- 
cations; second,  because  there  is  nothing  more  permanent  than  good 
masonry;  and,  third,  because  the  calculations  having  been  made  in 
advance,  the  plant  was  not  regarded  as  experimental. 

The  plant  was  located  at  the  west  end:  First,  because  east- 
bound  freight  trains  have  two  or  three  engines  at  different  points 
in  the  train,  as  heretofore  described,  and,  therefore,  it  was  desirable, 
not  only  to  clear  the  tunnel  of  smoke  quickly,  but  also  to  force  the 
smoke  away  from  the  engine  cabs  and  protect  the  engineer  and 
fireman  as  far  as  possible  from  the  smoke  and  heat  of  their  own 
engine.  Therefore,  a  blast  was  planned,  sufficient  in  amount  to  drive 
the  smoke  ahead  of  each  east-bound  engine,  instead  of  trailing  into 
its  cab,  as  happens  in  all  tunnels. 

Fig.  6  shows  the  general  lay-out  adopted.  Fig.  7  is  a  plan  of 
the  nozzle  with  details  of  its  outlet.  Fig.  9  is  a  cross-section  of  the- 
tunnel;  a  half  elevation  of  the  outer  end  of  the  nozzle  and  portal; 
and  a  half  cross-section  of  the  nozzle  near  its  outlet.  Fig.  8  gives 
details  of  the  nozzle  construction,  including  all  iron  ribs.  Fig.  1,. 
Plate  XXXIX,  shows  the  nozzle  in  process  of  construction  inside 
of  the  enlarged  portal.  The  partially  erected  fans  ai)pear  in  the  fore- 
ground. Fig.  2,  Plate  XXXIX,  shows  the  completed  plant,  con- 
sisting of  two  fans,  14  ft.  in  diametei',  each  operated  by  an  engine  of 
75  nominal  h.  p.  The  boiler-house  is  seen  on  the  north  of  the  track, 
west  of  the  fans,  and  the  outer  end  of  the  air  chamber,  or  nozzle,. 
built  in  the  enlarged  portal,  appears  in  the  background.  The  fans 
are  controlled  from  a  valve  in  the  boiler-house,  so  that  the  whole 
plant  is  subject  to  the  operator  at  one  point.  At  140  rev.  per  min., 
these  two  fans  deliver  air  through  the  nozzle  at  the  rate  of  200  000 
cu.  ft.  per  min.  per  fan,  or  a  total  of  400  000  cu.  ft.  with  a  speed* 
through  the  tunnel  of  1  700  ft.  per  min. 
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The  average  cost  of  operation  per  month  is:  labor,  $176;  fuel, 
etc.,  $94;  total,  $270. 

Two,  of  a  series  of  tests  made  in  1901,  are  as  follows: 

A  three-engine,  east-bound  train,  loaded  with  coal,  passed  through 
the  tunnel  in  6  min.,  while  the  fans  were  running  at  142  rev.  per 
min.  The  observer  on  the  first  engine  rode  on  the  tank,  and  the 
engineer  had  the  windows  of  the  cab  open.  He  reported  the 
tunnel  entirely  clear,  two-thirds  of  the  way  through,  and  there  was 
no  objectionable  smoke  anywhere.  The  engine-men  reported  the 
tunnel  "O.  K."  An  observer  at  the  east  portal  reported  that  the 
smoke  of  the  train  came  out  2  min.  ahead  of  the  first  engine. 
The  observer  on  the  second  engine  rode  in  the  cab,  with  all  the 
windows  open.  He  could  see  the  smoke  of  his  engine  seven  car 
lengths  ahead,  there  was  no  smoke  behind  the  tank;  the  tunnel  was 
clear  at  the  engine,  and  cool.  The  observer  on  the  rear  engine 
rode  in  the  cab,  with  the  windows  open;  he  found  the  tunnel  prac- 
tically clear  and  no  smoke  behind,  showing  that  fresh  air  was  with 
his  engine  throughout.  A  small  quantity  of  steam  adhered  to  the 
brick  roof  near  the  east  portal,  but  this  passed  out  in  about  1  min. 
after  the  engine.  The  reports  of  the  engine-men  agreed  with  these 
as  to  the  tunnel  being  clear  and  cool. 

A  two-engine  train,  east-bound,  passed  through  the  tunnel  in 
about  5.5  min.,  while  the  fans  were  making  140  rev.  per  min.  All 
the  cab  windows  of  the  engines  were  open.  The  engine-men  re- 
ported the  tunnel  clear  and  cool. 

The  following  is  the  actual  method  of  operation  to  meet  present 
requirements  at  Elkhorn  Tunnel: 

Except  when  trains  are  approaching  from  the  west,  the  fans  are 
kept  moving  slowly  at  not  more  than  30  rev.  per  min.  This  keeps 
the  tunnel  both  clear  and  cool;  and  this  same  speed  is  used  in  case 
of  all  west-bound  trains,  which,  on  account  of  the  down  grade,  emit 
comparatively  light  smoke.  On  the  approach  of  an  east-bound 
freight  train,  the  fans  are  run  at  about  140  rev.  per  min.,  which  is 
maintained  until  the  operator  of  the  ventilating  plant  receives  the 
signal,  by  the  track  circuit,  that  the  train  has  cleared  the  tunnel. 
The  operator  then  shuts  off  steam  enough  to  reduce  the  speed  to  not 
more  than  30  rev.  per  min.  In  the  case  of  three-engine  trains, 
where,  before  ventilation,  it  was  necessary  for  the  safety  of  the  crew 
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to  place  one  engine  near  the  center  of  the  train,  the  ventilating  plant 
has  admitted  the  placing  of  the  third  engine,  with  the  second,  at  the 
rear  of  the  train,  thereby  saving  much  loss  of  time  and  incon- 
venience in  cutting  out,  at  the  summit  east  of  the  tunnel,  the  engine 
formerly  placed  near  the  middle.  In  the  case  of  east-bound  pas- 
senger trains,  the  clear  tunnel,  which  is  always  furnished  ahead  of 
trains,  is  sufficient,  but  ihe  fans  are  generally  operated. 
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ELKHORN  TUNNEL 
Fig.  y. 
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Since  the  installation  of  this  plant,  pneumatic  interlocking  has 
been  placed  at  Coaldale,  controlling  all  switches  and  signals  for  a 
considerable  distance  beyond  both  ends  of  the  tunnel,  power  being 
furnished  from  the  boilers  at  the  ventilating  plant;  and  the  boiler 
capacity  has  been  increased  to  a  total  of  300  nominal  h.  p. ;  further, 
a  brick  chimney  (not  shown  on  the  plans)  has  been  substituted  for 
the  original  mechanical  draft  of  the  boilers. 

The  results  secured  by  this  plant  may  be  summarized  briefly 
as  follows :  The  tunnel  is  free  from  smoke,  independent  of  the 
nvimber  of  engines  used,  or  the  frequency  of  trains.  The  tempera- 
ture of  the  tunnel  is  always  good.  The  tonnage  loading  of  trains 
has  been  increased  on  account  of  the  improved  condition  of  the 
rails.  Trackmen  now  prefer  to  work  in  the  tunnel  rather  than  out- 
side, thus  reversing  the  former  condition.  No  difficulty  ever  arises 
in  case  of  a  train  breaking  in  two  in  the  tunnel;  for,  even  if  the 
fans  are  running  at  slow  speed,  fresh  air  quickly  surrounds  the 
standing  train.  It  is  immaterial  whether  or  not  the  windows  of 
passenger   coaches   are   closed   in   passing   through   the   tunnel.     It 
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Fig.  1.— Elkhorn  Tunnel.    Installation  of  Ventilation  Plant. 


Fig.  2.— Elkhorn  Tunnel.    Ventilation  Plant  Completed. 
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seldom  happens  that  light  smoke  is  seen  coming  out  of  the  east 
portal  longer  than  1  niin.  after  the  clearance  of  a  train;  and,  in 
good  weather,  it  is  generally  clear  when  the  train  leaves  it. 

The  illustrations  furnished,  in  the  descriptions  of  the  various 
ventilating  plants,  have  been  selected,  as  far  as  practicable  to 
obtain  them,  so  as  to  show  the  relative  efficiency  of  the  several 
installations  through  the  results  secured. 

Inasmuch  as  complete  ventilation  of  a  tunnel  requires  that  all 
the  air  therein  be  displaced  by  fresh  air  in  a  given  period  of  time; 
the  length  of  the  tunnel,  the  cross-section,  the  cubical  contents,  the 
volume  of  air  moved  per  minute,  and  the  observed  time  needed  to 
secure  a  clear  tunnel  after  a  train,  are  all  figures  which  show 
readily  just  what  is  accomplished,  and  the  relative  completeness  of 
the  results. 

The  term  "satisfactory  ventilation"  is  variable  in  its  meaning, 
as  a  comparison  of  these  figvires  will  show.  While  it  includes  com- 
plete ventilation,  it  is  more  often  applied  to  less  complete  degrees 
of  dilution  of  the  gases. 

The  data  will  also  make  apparent  cases  where  "wire-drawing" 
of  air  and  gases  is  taking  place,  through  the  use  of  air-ways  which 
are  too  small,  as  compared  with  the  tunnel  section,  also  where  the 
movement  of  fresh  air  is  indirect. 

A  consideration  of  the  cross-section,  together  with  the  results 
cited,  shows  the  error  of  dependence  upon  train  movement  to  help 
ventilation  materially.  On  the  contrary,  it  interferes  with  ventila- 
tion more  frequently  in  single-track  tunnels;  and  this  fact,  together 
with  the  frictional  resistance  and  the  small  air  space  around  a  train, 
makes  the  ventilation  of  a  double-track  tunnel  less  difficult  than 
the  ventilation  of  two  single-track  tunnels  of  the  same  length. 

It  will  be  noted,  further,  that  tunnels  operated  by  electric  power 
require  ventilation  as  well  as  those  operated  by  steam  power.  The 
difference  is  in  amount  only ;  the  principles  governing  its  application 
are  the  same. 

It  is  sometimes  stated  that,  in  the  case  of  railroad  tunnels  built 
for  two  tracks,  dilution  of  smoke  and  gases,  rather  than  the  clear- 
ance of  the  tunnel  in  a  given  period  of  time,  should  be  the  basis 
for  estimating  plants  for  mechanical  ventilation.  Practically,  the 
two  methods  will  give  like  results  if  the  standard  is  equally  high. 
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Assume  a  railroad  tunnel,  1  mile  long,  double-tracked,  having  a 
section  of  444  sq.  ft.,  and  located  on  a  ruling  grade.  The  cubical 
contents  amount  to  about  2  345  000  cu.  ft. 

A  freight  engine,  weighing  about  185  000  lb.,  without  tender, 
will,  when  fully  loaded,  travel  not  more  than  12  miles  per  hr.  under 
such  conditions,  and  the  speed  may  be  as  low  as  8  miles  per  hr. 
Taking  13  miles  as  a  basis,  and  the  spacing  of  trains  on  each  track 
as  10  min.  apart,  each  train  will  consume  5  min.  in  the  tunnel. 
Such  an  engine  will  emit  from  its  stack  at  least  20  000  cu.  ft.  of 
smoke  and  gases  per  min.  in  addition  to  steam.  All  this  is  impure, 
hot  and  unfit  for  breathing,  containing  about  2  500  cu.  ft.  of  car- 
bonic gases;  and  so  the  whole  of  these  emissions  from  the  smoke 
stack  should  not  constitute  more  than  2%  of  the  air  passed  through 
by  the  train.  The  emissions  in  5  min.  will  amount  to  100  000  cu.  ft., 
and  should  be  balanced  by  4  900  000  cu.  ft.  of  good  air.  As  the 
tunnel  contains  2  345  000  cu.  ft.,  there  remains  to  be  supplied,  every 
5  min.,  2  555  000  cu.  ft.  of  fresh  air  by  a  strong  current,  or  at  the 
rate  of  511  000  cu.  ft.  per  min. 

Under  the  other  method,  it  is  stated  that  the  contents  of  a  rail- 
road tunnel,  in  cases  of  close  train  spacing,  should  be  entirely 
renewed  in  the  time  required  for  the  passage  of  a  train.  In  the 
foregoing  example,  this  would  mean  displacing  the  total  cubic  con- 
tents of  the  tunnel,  or  2  345  000  cu.  ft.  in  5  min.,  which  is  at  the 
rate  of  469  000  cu.  ft.  per  min. 

From  personal  observation,  the  writer  ventures  the  opinion  that 
any  single-track  railroad  tunnel,  more  than  2  500  ft.  in  length,  will 
require  ventilation  before  the  transportation  capacity  of  the  single 
track  through  the  tunnel  is  reached.  About  sixty  movements  per 
day  through  such  a  tunnel,  unless  local  conditions  are  especially 
favorable,  seems  to  be  the  approximate  limit  for  advisable  non- 
ventilation. 
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APPENDIX. 

Recent  Literature  on  Ventilation  of  Tunnels. 
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Railroad  Gazette,  Apr.  2d,  1897,  p.  240. 
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Baltimore.— Length,  3  700  ft,   in  1892;   4  845  ft.  ventilated,  1904. 
P.,  B.  &  W.  R.  R. 

Engineering  News,  Oct.  20th,  1892,  p.  362. 
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Big  Bend.— Length,  G  500  ft.     C.  &  O.  Ry. 

Railroad  Gazette,  Feb.  20th,  1903,  p.  130. 
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VENTILATION  OF  TUNNELS. 

By  Francis  Fox,  M.  Inst.  C.  E. 


Having  been  invited  to  lay  before  the  Engineering  Conference 
of  St.  Louis  some  facts  as  to  the  ventilation  of  tunnels,  the  writer 
does  so  with  less  hesitation  than  would  have  been  the  case  had  the 
subject  been  the  ventilation  of  buildings.  In  the  latter  case,  it  is 
impossible  to  please  everybody,  and  one  has  to  combat  the  views 
of  persons  who  cannot  stand  the  slightest  movement  in  the  air, 
and  of  others  who  evidently  consider  that  fresh  air  is  a  thing 
to  be  abhorred  (whereas  a  warm  stuffy  room  deficient  in  oxj^gen, 
commends  itself  to  them,  as  the  one  thing  to  be  desired)  ;  but  in 
dealing  with  tunnel  ventilation,  the  engineer  is  independent  of  the 
idiosyncrasies  of  the  passengers,  and  has  to  consider  the  subject 
only  on  a  true  scientific  basis. 

The  increasing  number  of  tunnels  which  are  being  constructed 
in  all  parts  of  the  world — the  splendid  example  of  the  great  Simplon 
v/ork,  with  its  high  scientific  attainment,  its  wonderful  progress  and 
rapidity  of  construction,  its  magnificent  ventilation,  the  kind 
and  humane  treatment  of  the  men — all  point  to  the  neces- 
sity of  the  most  careful  consideration  of  a  proper  supply  of  fresh 
air,  both  during  construction  and  eventual  working  under  traffic. 

In  dealing  with  tunnels,  it  is  not  only  those  of  great  length 
which  require  attention;  some  of  those,  quite  short  in  length,  but 
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on  a  steep  gradient,  are  amongst  the  most  dangerous,  and  the  writer 
IS  familiar  with  such  an  one  in  particular,  which  is  only  a  quarter 
of  a  mile  in  length,  constructed  for  a  single  line,  but  on  a  gradient 
of  2i  per  cent.  When  a  heavy  train  is  ascending  the  gradient  with 
locomotive  throttle  full  open,  and  the  wind  blowing  in  at  the  lower 
end,  causing  the  smoke  to  travel  concurrently  with  the  train,  the 
condition  of  affairs  becomes  absolutely  unbearable,  and  highly 
dangerous. 

A  list  of  the  great  Alpine  tunnels  (Table  1)  with  some  of  their 
leading  features  may  be  of  interest  as  bearing  upon  this  question. 


TABLE 

1. 

St.  Gothard. 

Mont  Cenis. 

Arlberg. 

Simplon. 

Length  of  tunnel,  in  miles 

North  or  easL  portal  above  sea 
level,  feet 

9.3 

3  639 

3  757 
3  7^8 

5.82 

5  598 

7.98 

3  '66 

4  164 

4  248 

31) 

5  428 

6.36 
4  296 

3  998 

4  300 

15 
2  362 

13.26 
2  254 

South  or  west  portal  above  sea 
level,  feet 

2  080 

Highest  level 

2  314 

Maximum  grade    in    tunnel    per 
1  000 

Maximum    height    of    mountain 
above  tunnel,  feet 

7  005 

It  is  believed  that  the  application  of  a  large  revolving  fan  was 
applied  in  railway  work  for  the  first  time,  in  March,  1870,  by  the 
late  Mr.  Eamsbottom,  to  the  Lime  Street  Tunnel  of  the  London 
and  North  Western  Railway  in  Liverpool,  the  length  of  which  was 
0  075  ft.;  but  such  fans  had  been  in  operation,  for  mining  purposes, 
for  some  time  anterior  to  this.  If,  however,  railway  engineers 
would  adopt  for  tunnels  the  same  rules  as  are  applicable  to  mines, 
much  of  the  difficulty  would  disappear. 

•  The  Lime  Street  fan  was  29J  ft.  in  diameter,  and  discharged  its 
air  into  a  high  conical  brick  chimney,  the  diameter  of  which  was 
no  less  than  54  ft.  at  its  base;  the  quantity  of  air  thrown  was 
431 000  cu.  ft.  per  min.,  and  was  drawn  from  a  point  as  nearly 
equidistant  from  the  two  ends  as  possible,  the  water  gauge  being 
only  0.14  in.  It  continued  to  work  with  a  fair  amount  of  success 
until  the  tunnel  was  cut  open  to  daylight. 
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The  construction  of  the  Metropolitan  Railway  of  London,  and 
afterwards  of  the  Metropolitan  District  Railway  by  the  late  Sir 
John  Fowler,  and  the  much-respected  Past-President  of  the  Insti- 
tution of  Civil  Engineers,  Sir  Benjamin  Baker,  Hon.  M.  Am.  Soc. 
C.  E.,  were  the  first  instances  of  railways  placed  in  tunnels,  xmder 
the  streets  of  a  city,  and  they  depended,  as  they  still  do,  upon 
opening's  into  the  streets  and  adjacent  propoi-ty,  for  the  introduction 
of  fresh  air  into,  and  the  expelling  of  foul  air  from,  the  tunnel. 
The  writer  is  of  opinion  that  the  action  of  the  trains  upon  the 
air  currents,  and  the  constant  variation  of  climatic  conditions 
are  so  great,  that,  were  not  these  railways  about  to  be  electrified,  it 
woidd,  in  the  interests  both  of  the  shareholders  and  of  the  traveling 
public,  be  absolutely  necessary  to  apply  mechanical  power  for 
putting  the  air  of  these  tunnels  into  a  satisfactory  condition;  the 
present  system  being  inefficient,  uncertain,  and  in  calm  weather 
almost  useless.  It  is  many  years  since  these  lines  were  constructed, 
during  which  time  great  advance  has  been  made  in  the  knowledge 
of  the  subject. 

Gabriel  James  Morrison,  M.  Inst.  C.  E.,  in  a  paper*  read  before 
that  Institution  in  18Y6,  gave  much  valuable  information  on  the 
subject,  and  later  experience  has  verified  his  statements. 

It  is  desirable  to  ascertain,  if  possible,  the  standard  of  purity 
to  be  aimed  at: 

1. — In  tunnels  worked  by  steam  locomotives,  in  which  the 
products  of  combustion  of  fuel  constitute  by  far  the 
largest  source  of  impurity. 

2. — In  tunnels  worked  by  electricity,  in  which  the  chief  source 
of  contamination  is  the  human  lung. 

Dealing  with  the  first,  the  general  consensus  of  opinion  is,  that 
provided  the  proportion  of  carbon  dioxide  (CO.)  does  not  exceed 
20  parts  in  10  000,  no  harm  will  be  done,  especially  as  the  period 
during  which  passengers  are  exposed  to  this  is  but  short. 

The  consumption  of  fuel  in  the  firebox  of  the  locomotive  depends 
upon  various  considerations,  such  as  the  heating  quality  of  the 
coal,  the  design  of  the  firebox,  the  load  hauled,  and  the  steepness 
of  the  gradient;  consequently,  it  is  impossible  to  lay  down  any 
definite  and  accurate  rule.    Each  tunnel  must  be  dealt  with  on  its 

*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  XLIV.  p.  18. 
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own  merits,  and  the  consumption  of  fuel  per  train-mile  ascertained. 
Instances  have  been  quoted  where  this  has  varied  from  32  lb.  per 
mile  up  to  as  much  as  268  lb.  in  the  case  of  a  steep  tunnel  in  Japan. 

Allowing  29  cu.  ft.  of  poisonous  gas  for  each  pound  of  coal  con- 
sumed,* the  volume  of  fresh  air  required,  to  maintain  the  atmos- 
phere of  the  tunnel  at  the  above-mentioned  standard  of  purity,  is 
ascertained  as  follows :  The  number  of  pounds  of  fuel  consumed 
per  mile,  multiplied  by  29,  multiplied  by  500  (that  is  20  parts  in 
10  000)  and  divided  by  the  number  of  minutes  interval  between 
the  trains,  will  give  the  volume  of  air  in  cubic  feet  which  must  be 
introduced  into  the  tunnel  per  minute,  either  by  blowing  in  fresh, 
or  by  the  exhaustion  of  foul  air,  to  keep  it  in  a  sufficiently  pure 
state  to  avoid  inconvenience. 

As  an  illustration — assume  a  tunnel  to  be  one  mile  in  length,  a 

train  passing  through  on  the  up  and  also  on  the  down  road  every 

10  minutes,  the  consumption  of  fuel  being  40  lb.  per  train-mile, 

the  volume  of  air  required  per  minute  will  be: 

40  1b.  X  29  cu.  ft.  X  r.OO  . 

—   =z  IK)  000  cu.  tt. 

5  minutes  (interval) 

Great  are  the  disadvantages  due  to  bad  ventilation,  such  as 
injury  to  the  employees,  inconvenience  to  the  passengers,  danger 
of  accident,  slippery  condition  and  rapid  oxydation  of  the  rails. 
On  August  11th,  1898,  in  the  long  tunnel  of  Ponte  Decimo  near 
Genoa,  which  is  on  a  2i%  grade,  a  train  which,  in  consequence  of 
the  greasiness  of  the  rails,  came  to  a  stand  (the  men  on  the  engine 
being  rendered  incapable)  ran  back  down  the  incline  on  the  wrong 
road,  and  collided  with  a  passenger  train  waiting  its  turn  to  pass 
through.  The  result  was  most  disastrous,  12  persons  being  killed 
and  40  injured;  all  the  result  of  bad  air. 

Serious  results  also  obtained  on  the  Pracchia  Tunnel  between 
Florence  and  Bologna,  the  gradient  being  the  same,  the  length 
9  000  ft. 

The  loss  of  weight  in  steel  rails  is  also  very  serious,  amounting 
in  the  case  of  Box  Tunnel  of  the  Great  Western  Railway  to  2h  lb. 
per  yd.  of  rail  per  annum,  as  compared  with  i  lb.  on  the  open-air 
portion  of  the  railway. 

Dealing  with  tunnels  worked  by  electricity,  a  different  method 


*  "  The  Ventilation  of  Tunnels  and  Buildings,"  by  Francis  Fox,  Minutes  of  Pro- 
ceedings,  Institution  of  Civil  Engineers,  Vol.  CXXXVI,  p.  1. 
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of  calculation  has  to  be  adopted,  and  is  one  upon  which  considerable 
difference  of  opinion  may  arise.  No  vitiation  by  combustion  of 
fuel  has  to  be  provided  for,  but,  on  the  other  hand,  the  antiseptic 
properties  of  certain  constituents  of  coal,  which  are  doubtless  of 
value,  are  wanting. 

Air  in  a  room  which  has  been  partially  vitiated  may  not  be  very 
excessive  in  C0„,  nor  give  very  bad  results  from  a  bacteriological 
point  of  view,  yet  it  is  very  objectionable  and  injurious,  producing 
languor  and  headache  and,  if  inhaled  for  too  long  a  period,  disease; 
but  in  crowded  assemblies  where  it  has  been  breathed,  rebreathed, 
and  breathed  again  it  is  most  pernicious. 

The  extent  to  which  CO.  may  be  added  to  pure  air,  without  any 
very  serious  results  for  a  short  period,  is  remarkable;  as  high  a 
proportion  as  160  parts  in  10  000  has  been  experimented  with  with- 
out injury,  but,  in  combination  with  the  products  of  respiration  of 
a  crowded  audience,  even  20  parts  is  excessive;  it  can  only  be  re- 
garded as  an  index  of  the  toxic  condition  of  the  air. 

The  Volume  of  Air. — After  lengthened  investigations  by  English 
and  French  chemists  and  various  learned  societies,  the  volume  of 
air  required  by  each  person  per  minute  has  been  fixed  at  30  cu.  ft. 

Air  which  has  passed  through  the  human  lungs  has  bc-^n  well 
designated  "air  sewage,"  is  highly  poisonous  and  charged  with 
impure  matter. 

"Let  any  one  gifted  with  the  ordinary  sense  of  smell,  or  who 
knows  what  fresh  air  means,  enter  almost  any  of  the  assembly 
rooms  of  public  gathering  after  they  have  been  occupied  and  let 
him  describe  the  atmosphere  he  will  meet  on  entering.  It  is 
charged  with  air  sewage  of  the  vilest  quality,  the  imperfectly 
removed  emanations  from  hundreds,  if  not  thousands  of  human 
bodies,  and  the  microscope  shows  that  the  air  is  highly  charged 
with  tuberculous  and  other  dust."* 

In  consequence  of  the  attention  which  has  been  called  to  the 
subject  by  Dr.  Eansome  and  other  men  of  eminence,  the  love  of 
fresh  air  is  extending  amongst  civilized  communities,  and,  just 
as  dnmkenness  gives  way  before  the  enlightenment  of  education, 
so  will  the  terrible  evils  of  foul  air  and  bad  ventilation  be  reduced, 
as  the  people  become  better  informed  on  the  subject. 

The  number  of  deaths  in  Great  Britain  resulting  from  tuber- 


*  Dr.  A.  Ransome,  F.  R.   S.,  "Consumption  a  Filth  Disease,"  Medical  Chronicle^ 
December,  1897. 
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cnlons  diseases  is  steadily  diminishing,  due  to  the  efforts  being  made 
by  "The  National  Association  for  the  Prevention  of  Consumption 
and  other  forms  of  Tuberculosis,"*  of  which  His  Majesty,  King 
Edward  VII,  is  Patron,  and  many  other  agencies. 

The  writer,  who  is  familiar  with  America  and  has  great  respect 
for  many  of  its  institutions,  and  great  affection  for  its  people, 
ventures,  in  all  kindness,  to  call  attention  to  the  need  of  more  fresh 
air  in  most  of  their  houses  and  buildings,  and  especially  in  their 
railroad  cars.  In  consequence  of  the  great  extremes  of  temperature 
to  which  the  United  States  and  Canada  are  subjected,  it  is  neces- 
sary to  provide  suitable  heating  arrangements,  but  these  are  carried 
to  such  an  extreme,  and  with  such  an  insufficient  supply  of  fresh 
air,  as  to  produce  results  and  inconveniences  of  the  worst  order. 

The  discomfort  to  which  the  writer  has  been  subjected  in  hotels, 
and  railway  carriages  in  the  United  States,  during  winter,  has 
been  such  as  to  render  a  visit  to  that  country  very  trying.  The  air 
is  so  intensely  dry,  the  rooms  are  so  unduly  heated,  and  the  supply 
of  oxygen  so  insufficient,  that  he  has  found  it  necessary  to  sleep 
with  a  partially  opened  window,  when  the  external  air  has  been  15° 
below  zero,  while  the  interior  heat  of  the  building  has  been  80 
degrees. 

Assuming  that  the  standard  of  purity : 

(1)  for    steam-worked    tunnels,    should    be    20   parts    in    10  000 

of  CO,, 

(2)  for  electrically-worked  tunnels,  30  cu.  ft.  of  air  per  minute 

per  passenger, 
the  writer  now  proceeds  to  consider  the  best  methods  for  effecting 
the  desired  results. 

Two  of  the  earliest  instances  of  ventilated  tunnels  are  those  of: 

a. — The  Severn  Tunnel  under  the  River  Severn,  on  the  main 
line  to  South  Wales  of  the  Great  Western  Railway;  and 

h. — Of  the  Mersey  Railway  under  the  River  Mersey,  between 
Liverpool  and  Birkenhead. 

Plate  XL  shows  two  longitiidinal  sections  or  profiles  of  these 
tunnels  which  to  a  great  extent  are  self-explanatory;  but  a  few 
words  may  be  desirable  in  each  case. 

The  Severn  Tunnel  is  4  miles,  624  yd.  in  length,  the  gradient 

*30  Hanover  Square,  London. 
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varying  between  1  in  90,  and  1  in  100,  and  has  one  ventilating 
shaft,  placed  as  near  the  middle  as  the  river  would  allow,  or  1 
mile,  1  210  yd.  from  the  southern  entrance,  being  thus  862  yd.  from 
the  center. 

This  is,  of  course,  not  an  ideal  position,  as  in  certain  directions 
of  wind,  the  ventilating  fan  (which  is  a  Guibal,  40  ft.  in  diameter 
by  12  ft.  width  of  blade)  is  liable  to  draw  its  air  mainly  from  one 
direction.  Doubtless  in  time  as  the  traffic  increases,  a  modification 
of  this  arrangement  will  have  to  be  effected. 

The  volume  of  air  ejected  from  the  tunnel  by  this  fan  is  400  000 
cu.  ft.  per  minute. 

The  Mersey  Tunnel  was  a  much  more  complicated  problem  to 
solve,  owing  to  there  being  three  stations  underground  to  be 
provided   for. 

The  rule  that  was  laid  down  at  the  outset  was,  that  fresh  air 
must  enter  at  the  stations,  so  that  the  platforms  should  be  kept 
fresh  and  pure.  Consequently  the  vitiated  air  must  be  drawn 
from  points  midway  between  the  stations.  By  this  arrangement, 
fresh  air  would  flow  into  the  tunnel  at  the  stations,  by  means  of 
the  footways,  staircases  and  lift  shafts;  it  would  then  travel  along 
the  tunnel  getting  more  and  more  foul,  as  it  proceeded,  until  it 
reached  the  part  of  the  tunnel  equidistant  between  stations,  by 
which  time  it  would  have  attained  its  maximum  of  impurity,  when 
it  would  be  swept  down,  by  the  drag  of  the  fans,  into  the  ventila- 
tion headings,  and  ejected  into  the  open  air  at  the  fan  chamber. 

So  long  as  these  fans  were  kept  running  at  their  stipulated 
speed,  and  good  coal  was  used  on  the  locomotives,  the  ventilation 
results  were  excellent;  but  it  is  feared  that,  in  consequence  of 
financial  requirements,  both  these  were  modified,  without  improving 
the  condition  of  the  atmosphere.  As,  however,  the  tunnel  is  now 
worked  electrically,  the  volume  of  air  required  is  much  reduced. 

Table  2  gives  the  sizes  and  outputs  of  each  fan.  That  at 
Hamilton  Street  was  found  occasionally,  when  under  a  strong 
southwesterly  gale,  to  be  "drowned"  in  fresh  air,  consequently  it 
had  to  be  connected  by  drift  with  Hamilton  Square  Station,  so  as 
to  be  available  when  required  to  assist  the  other  fans. 

It  is  now  20  years  since  this  method  of  ventilation  was  installed 
— during  which  period  the   excellent   system.,   designed   by   Signor 
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Saccardo,  lias  come  into  operation,  and  which  modifies  in  a  remark- 
able manner  the  arrangements  required. 


TABLE  2. — Eesults  of  Experiments  with  Ventilating  Fans  at 
THE  Mersey  Tunnel. 
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This  gentleman,  the  talented  Engineer-in- Chief,  of  the  Italian 
Railways,  hit  upon  the  happy  idea  of  utilising  the  ventilating  fan 
on  the  injector  principle.  Availing  himself  of  the  annular  space 
existing  between  the  gauge  of  maximum  construction,  and  the 
interior  section  or  intrados  of  the  arch,  he  blows  air  in  at  the  higher 
end  of  a  tunnel,  down  the  incline  against  the  ascending  traffic. 

The  volume  of  air  entering  the  tunnel  from  the  fan  produces 
an  induced  current  from  the  open  mouth,  according  to  the  arrange- 
ments made,  of  from  30  to  100%,  and  as  the  apparatus  requires  no 
shaft,  but  is  placed  at  the  portal,  the  expense  of  installation  is 
comparatively  small. 

The  experiments  the  writer  carried  out  at  the  Pracchia  Tunnel 
on  July  25th,  1894,  on  the  railway  through  the  Appenines  between 
Florence  and  Bologna  can  with  advantage  be  referred  to  hera 

The  Pracchia   Tunnel  is   one  of  52   tunnels   on  the  main  line 
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between  Florence  and  Bologna,  built  about  1864  by  the  late  Thomas 
Brassey,  Assoc.  Inst.  C.  E.  These  are  single-line  tunnels,  on  a 
gradient  of  1  in  40.  The  traffic  has  increased  greatly,  and  has  to 
be  worked  by  heavy  locomotives.  Under  any  condition  of  wind  the 
state  of  this  tunnel,  about  9  000  ft.  in  length,  is  bad ;  but,  when  the 
wind  is  blowing  in  at  the  lower  end  at  the  same  time  as  a  heavy 
goods,  or  passenger  train,  is  ascending  the  gradient,  an  almost  in- 
supportable state  of  affairs  is  produced.  The  engines,  which  are 
working  with  the  regulators  full  open,  often  emit  a  large  quantity 
both  of  smoke  and  steam,  which  travels  concurrently  with  the  train. 
The  locomotives  weigh  55  tons  without  tender.  They  have  eight 
wheels,  coupled,  with  a  tractive  force  of  15  400  lb.  The  goods 
trains  carry  250  tons  of  load,  and  have  an  engine  in  front,  and 
one  at  the  rear  of  the  train;  and  when,  from  the  humidity  in  the 
tunnels  due  to  the  steam,  the  wheels  slip  and  possibly  the  train 
stops,  the  condition  of  the  air  is  indescribable.  A  heavy  train  with 
two  engines,  conveying  a  Royal  party  and  their  suite,  arrived  on 
one  occasion  at  the  upper  exit  of  the  Pracchia  Tunnel  with  both 
enginemen  and  both  firemen  insensible;  and  on  another  occasion, 
when  a  heavy  passenger  train  came  to  a  stop  in  the  tunnel,  all  the 
occupants  were  seriously  affected.  On  the  occasion  of  the  writer's 
visit  to  the  tunnel,  on  July  25th,  1894,  one  of  the  brakesmen  com- 
plained of  being  ill  and  of  having  fallen  from  his  seat  in  one  of 
the  shorter  tunnels. 

The  writer  measured  the  volume  and  temperature  of  air  with 
the  following  result.  Before  starting  the  fan,  the  tunnel  was  filled 
with  dense  smoke  from  end  to  end,  the  temperature  being  107° 
fahr.,  with  97°  of  moisture,  or  nearly  complete  saturation.  With 
the  fan  running,  the  thermometer  indicated  80°  (the  temperature 
of  the  external  air),  or  a  fall  of  27°,  the  moisture  was  normal,  and 
the  amount  of  air  propelled  by  the  fan  was  164  000  cu.  ft.  per  min., 
that  by  the  induced  current  being  46  000  cu.  ft.,  making  a  total  of 
210  000  cu.  ft.  of  air  per  min.  passing  through  the  tunnel.  The 
air  is  blown  in  at  the  upper  end,  and  down  the  incline,  the  object 
being  that  an  ascending  train  with  its  heavy  trail  of  smoke  and 
steam,  may  be  freed  at  the  earliest  possible  moment  from  the 
products  of  combustion.  These  results  are  remarkable,  and  the  air 
of  the  tunnel  is  cool  and  fresh.     This  system,  however,  cannot  be 
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applied  to  steam  railways  in  which  underground  stations  exist,  as 
the  effect  of  the  current  would  be  to  blow  the  smoke  to  the  platforms 
of  the  next  station,  the  very  part  of  the  railway  which  should  be 
kept  in  the  best  condition. 

Since  that  date,  the  Saccardo  system  has  been  applied  with 
great  advantage  to  the  St.  Gothard  and  other  tunnels,  one  of  the 
most  recent  cases  being  that  of  the  Tunnel  de  I'Albespeyre  on  the 
line  between  Langogne  and  Alais  of  the  Paris,  Lyons  and  Mar- 
seilles Railway. 

The  length  is  4  915  ft.,  the  gradient  2^-%,  the  railway  being 
for  a  single  pair  of  rails.  Trains  have  come  to  a  standstill  on  the 
gradient  and  several  cases  of  partial  asphyxiation  have  occurred 
in  consequence  of  the  reduction  of  the  speed  of  the  train  to  18 
miles  an  hour  due  to  moisture  deposited  on  the  rails. 

A  ventilating  fan,  19  ft.  in  diameter,  has  been  fixed  near  the 
upper  end  of  the  tunnel,  and  blows  air  down  the  incline,  against 
the  ascending  train.  The  volume  of  air  delivered,  when  running 
at  full  speed  of  122  rev.  per  min.,  is  300  000  cu.  ft.,  but,  if  workmen 
are  in  the  tunnel  attending  to  the  permanent  way,  the  velocity  and 
corresponding  volume  are  reduced  to  one-half. 

The  cost  of  the  entire  installation  was  about  £2  000  and  the 
adoption  of  the  system  has  resulted  in  the  complete  solution  of  all 
the  former  difficulties. 

A  similar  arrangement  was  adopted  at  the  Cochem  Tunnel  in 
Germany,  the  annular  arrangement  of  the  Saccardo  system  being 
applied. 

One  of  the  most  recent  applications  of  the  Saccardo  system  is 
that  of  the  Ell^horn  Tunnel  in  West  Virginia. 

This  tunnel  which  is  3  000  ft.  in  length  has  an  ascending 
gradient  from  its  western  portal  of  2%,  and  is  for  a  single  line  of 
railway. 

The  results  are  reported  as  being  satisfactory,  although  the 
writer  is  of  opinion  that  they  would  have  been  still  better  had  the 
ventilating  installation  been  placed  at  the  upper  end  of  the  tunnel 
so  as  to  blow  down  hill  against  the  ascending  traffic. 

The  writer  is  strongly  of  opinion,  as  stated  in  his  paper  already 
referred  to,  that  the  Saccardo  system  is  the  solution  of  ordinary 
tunnel  ventilation;  it  is  easily  applied,  no  deep  and  expensive  shafts, 
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or  galleries  are  required,  and  the  cost  is  of  a  comparatively  trifling 
character. 

When,  however,  the  case  of  electrical  "tube"  railways,  similar 
to  those  in  London,  has  to  be  considered,  the  problem  imanediately 
assumes  an  entirely  different  aspect. 

These  railways  consist  of  parallel  tunnels,  each  for  one  line  of 
way,  and  at  certain  points  these  two  tunnels  merge  into  one  of 
double  the  size,  to  carry  two  lines  of  way,  so  as  to  provide  cross- 
over roads  and  "switches."  In  addition  to  these,  there  are,  at  the 
stations,  numerous  passages  connecting  the  two  tunnels,  with  the 
necessary  result,  that  anything  like  a  well-regulated  current  of  air, 
traveling  as  in  mines  in  given  directions,  cannot  be  secured. 

The  train  passing  in  one  direction  in  one  tube,  pushes  the  foul 
air  at  A  in  front  of  it,  to  the  "cross-over"  tunnel  from  whence  it  is 
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again  sucked  into  B  by  the  train  going  the  other  way,  in  the  second 
tube.  Thus  the  air  is  simply  churned  round  and  round,  and  very 
little  of  the  foul  air  is  actually  dislodged,  or  fresh  air  brought  in. 

The  problem  is  one  of  considerable  difficulty  and  complexity, 
for  if  air  be  drawn  by  fan  from  the  surface  down  one  of  the  shafts, 
the  tendency  to  some  extent  is  for  it  to  ascend  the  adjacent  shaft. 

If,  however,  the  Saccardo  system  be  utilised  in  conjunction  with 
shaft  ventilation,  a  great  amelioration  in  the  condition  of  the  air 
can  be  secured. 

The  accompanying  diagram  (Fig.  11)  will  serve  to  illustrate 
this  proposal. 

The  direction  of  the  trains  is  shown  by  dotted  arrows,  whilst 
that  of  the  air  currents  by  full  arrows.  "Cross-over"  tunnels  do 
not  exist  at  most  of  the  stations. 
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The  direction  of  the  air  currents  is 
to  a  great  extent  regulated  by  that  of  the 
trains,  owing  to  the  latter  fitting  the  tube 
with  but  little  clearance,  consequently 
they  act  as  pistons. 

Starting  from  the  terminal.  Station 
1,  the  first  object  must  be  to  keep  the  air 
at  the  platforms  fresh,  and  this  can  be 
done  by  drawing  air  in  from  outside  by 
Saccardo  fans,  as  shown,  at  the  further 
end  of  platforms.  Fresh  air  is  drawn 
down  the  shafts  at  Station  2,  by  the 
suction  of  the  trains,  and  this  is  re- 
turned along  the  parallel  tunnel  toward 
2  and  3  by  the  united  efforts  of  the  fans 
and  trains. 

As  regards  Shafts  3  and  4  the  air  in 
these  will  to  a  great  extent  be  controlled 
by  the  piston  action  of  the  trains;  the 
current  will  be  constantly  reversed,  and 
this  cannot  be  avoided  unless  the  Sac- 
cardo system  be  more  frequently  in- 
troduced; this,  however,  is  unnecessary, 
but  at  No.  5  it  is  again  employed,  and 
the  same  result  for  the  next  two  or  three 
stations  will  be  repeated. 

For  every  100  000  cu.  ft.  of  fresh 
air  which  is  blown  into  the  tunnel,  or 
drawn  in  by  the  trains,  an  equivalent 
amount  is  ejected;  the  result  being  that, 
although  this  arrangement  is  far  from 
ideal  or  perfect,  it  will  maintain  the  air 
in  a  very  fair  condition. 

As  to  the  volume  of  air  required,  the 
following  is  the  principle  by  which  it 
is  ascertained. 

Assume  Bank  Holiday  traffic,  when 
the  railway  is  crowded  to  the  maximum 
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degree,  trains  running  every  2^  minutes  in  each  direction,  that  is  24 
trains  each  way  or  48  in  all,  each  train  loaded  to  its  full  capacity, 
of  say,  600  passengers,  and  traveling  at  a  speed,  including  stoppages, 
of  18  miles  per  hour,  three  stations  per  mile,  and  each  platform 
crowded  with  passengers. 

For  each  mile  of  single  tunnel,  there  will  pass  through  in  an 
hour  24  trains,  each  with  600  passengers,  and  requiring  30  cu.  ft. 
of  air  per  passenger  per  minute,  but  each  train  is  on  the  one-mile 
length  for  a  period  of  only  j%  minutes  =  3J  minutes. 

The  result  is  that  for  each  tube,  for  each  mile,  the  quantity  of 
air  required  per  minute  is  69  000  cu.  ft. 

When  the  trains  and  platforms  are  less  crowded  and  the  traffic 
assumes  its  normal  volume,  the  quantity  of  air  required  can  be 
proportionately  reduced. 

Arrangements  should  be  made  for  the  free  passage  of  vitiated 
air  from  the  carriages  into  the  tunnel,  otherwise  the  congested 
condition  of  the  air  on  arriving  at  the  terminus  will  be  aggravated. 

The  writer  hopes  that,  as  more  attention  is  being  paid  to  the 
system  of  ventilation  generally,  the  great  loss  of  life  occurring  at 
present,  from  tuberculous  diseases,  may  be  very  greatly  reduced; 
and  he  congratulates  his  American  friends  upon  being  the  first  to 
put  into  operation  penal  enactments  against  the  objectionable  habit 
of  spitting,  which,  in  railway  tunnels  as  elsewhere,  is  fraught 
with  evil. 
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By  Messrs.   Charles   C.  Wentworth,   Thomas   H.   Johnson^ 
P.  F.  Brendlinger  and  Charles  S.  Churchill. 


Charles  C.  Wentworth^  M.  Am.  Soc.  C.  E.,  Roanoke,  Va.  (By  Mr.  went- 
letter.) — It  may  be   of  some   interest   and   utility  to   consider  the     "^^^    ' 
analysis  that  was  used  in  proportioning  ventilating  plants  such  as 
were  installed  at  the  Elkhorn  and  Big  Bend  Tunnels  in  Virginia, 
which  are  described  by  Mr.  Churchill. 

As  the  production  of  the  necessary  air  currents  from  one  end  of 
the  tunnel,  without  at  all  decreasing  the  tunnel  clearance,  by  the 
blowing  apparatus  or  nozzle,  appeared  to  be  a  novel  procedure,  it 
was  necessary  to  make  certain  assumptions  in  proportioning  these 
plants,  which  were  founded  on  judgment  rather  than  experience; 
but  the  results  of  these  installations  have  shown  that  these  assump- 
tions were  not  unwarranted,  and  the  whole  may  well  be  used  as  a 
basis  for  future  tests  to  gather  data  for  a  more  complete  solution 
of  the  problems  involved. 

Beside  the  non-contraction  of  the  tunnel  clearance  already  al- 
luded to,  it  was  decided,  at  the  outset,  that  no  air,  or  as  little  as 
possible,  should  be  drawn  into  the  tunnel  by  the  blast,  but  that  all 
the  air  delivered  by  the  blast  should  pass  entirely  through  the 
tunnel  unhampered  except  by  the  passage  of  trains.  It  seemed 
better  to  give  all  the  ventilating  air  its  velocity  positively  by  fans 
rather  than  to  use  the  blast  to  accelerate  an  additional  quantity  of 
still  air  by  friction,  with  a  certain  amount  of  loss  of  mechanical 
eificiency  to  the  whole  plant. 


5(;8  DISCUSSION    ON   VENTILATION    OF    TUNNELS. 

Mr.  Went-  Owing  to  this  assumed  condition,  the  theory  of  the  injector 
does  not  apply  to  the  production  of  such  an  air  current,  as  there  is 
no  second  body  acted  upon  by  the  blast  by  impact  or  otherwise; 
but  it  is  the  air  delivered  by  the  blast  that  is  itself  to  continue  in 
motion,  at  a  reduced  rate  of  speed,  through  the  tunnel.* 

The  total  resistance  to  the  passage  of  air  through  a  tunnel, 
when  no  train  is  passing  through  it,  is  given  as  KNLV-;  in  which 
E  is  the  resistance  of  friction  in  pounds  for  each  square  foot  of  the 
inner  surface  of  the  tunnel  to  air  passing  thereby  at  a  velocity  of 
1  ft.  per  min. ;  N  is  the  length  of  the  perimeter  of  the  tunnel  meas- 
ured along  the  walls  and  across  the  track;  L  is  the  length  of  the 
tunnel,  and  V  is  the  velocity  of  the  air  current.  This  total  resist- 
ance divided  by  the  area  of  the  cross-section  of  the  tunnel,  A,  gives 
the  force,  P,  in  pounds  per  square  foot  of  tunnel  section,  necessary 
to  maintain  the  velocity,  V,  of  the  current.     We  can  then  put 

■  p=^'JLfj:i (,) 

and  for  the  foot-pounds  of  work  per  minute  necessary  to  maintain 
the  current,  we  have, 

F—F  A  V=  K  XL  r^ (2) 

Calling  the  area  of  the  blast  outlet  C,  and  the  velocity  of  the 
blast  S,  we  have  for  the  foot-pounds  of  energy  per  minute  contained 
in  the  blast  (the  weight  of  1  cvi.  ft.  of  air  being  0.08  lb.), 

F,=^^- (:i) 

As  the  volume  of  air  flowing  through  the  tunnel  per  minute  is 
equal  to  the  volume  supplied  by  the  blast  in  the  same  time,  we  have 
C8  =  AV ;  and  Equation  3  may  be  written 

F,  =  (4) 

'        2  8<»8  00(1 

When  the  velocity  of  the  blast,   after  leaving  the  blast  outlet 

and  entering  the  tunnel,  becomes  reduced  to  V  (the  velocity  of  the 

current  in  the  tunnel),  the  area  of  the  blast  is  equal  to  the  area 

of  the  tunnel,  and  the  energy  per  minute  remaining  in  it  at  that 

time  is 

A  r'-^ 

F,  =  ^— (.-.) 

^        2  808  000 

Now,  by  subtracting  Equation  5  from  Equation  4,  we  find  the 
amount  of  energy  per  minute  rendered  available  for  maintaining 
the  current  in  the  tunnel;  a  portion  of  which  energy  (depending 
on  the  efficiency  of  the  blast  as  a  machine  for  doing  useful  work) 

*  In  this  discussion  dimensions  are  expressed  in  feet,  areas  in  square  feet,  velocities 
in  feet  per  minute,  weiglits  in  pounds  per  square  toot. 
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can  be  equated  with  Equation  2.     Assuming  this  efficiency  at  50%,  -^^'■:  ^^'V"*'' 
we  have, 

Al^l^zAJl"  =  K  X  L  V ((i) 

5  796  000  ■  ^ 

from  which,  for  the  ratio  between  the  velocities  of  the  blast  at  the 
cutlet  and  of  the  tunnel  current,  we  have 


„        S  5  796  OOOif  JVX   ,    , 

^=v=sl ^i +  ^ ^'^ 

The  numerical  value  of  K  is  somewhat  uncertain,  but  has  been 
taken  for  brick-lined  tunnels,  making  an  allowance  for  the  greater 
roughness  of  the  track,  as  0.00000000285;  and  the  perimeter,  N,  of 
an  ordinary  single-track  tunnel,  may  be  expressed  as  Z.8\/A.  Mak- 
ing these  substitutions,  we  obtain,* 

"  =  ^-J-f?^ <^> 

and  finally,  as  CS  =^  A~V ,  for  the  required  area  of  the  blast  outlet 

in  square  feet, 

A 
C  =  ± (9) 

It  appears  from  Equations  8  and  9  that  there  is  no  especial 
velocity  of  blast  required  in  order  that  all  the  air  delivered  by  it 
shall  be  driven  through  the  tunnel,  but  that  the  area  of  the  blast 
outlet  is  a  function  of  the  length  and  sectional  area  of  the  tunnel 
only.  As  the  power  and  resistance  are  both  proportional  to  the 
square  of  the  velocity,  their  ratio  remains  constant. 

Care  was  taken  at  Big  Bend  to  make  the  center  of  gravity  of 
the  blast  outlet  correspond  in  position  with  the  center  of  gravity 
of  the  tunnel  section,  with  the  result  of  an  apparent  elimination  of 
all  eddy. currents. 

Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E.,  Pittsburg,  Pa.  (By  let-  ^tf-  Johnson, 
ter.) — Mr.  Churchill  has  described  the  means  resorted  to  for  the 
improvement  of  the  ventilation  in  various  tunnels  in  the  United 
States  and  abroad.  The  paper  is  largely  a  collection  of  facts,  with- 
out attempting  to  demonstrate  the  governing  principles.  It,  there- 
fore, offers  little  opportunity  for  discussion. 

There  is,  however,  one  statement  in  the  paper  which  needs  cor- 
rection, for  it  has  appeared  in  American  technical  literature  un- 

*  As  originally  deduced  these  equations  were 

^  y  -A 

^  =  \:i  R. 
In  this  discussion,  the  factor,  1.2.  has  been  put  inside  the  radical,   the  ultimate 
numerical  value  of  C  remaining  practically  unchanged. 
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Mr.  Johnson,  challenged,   for  several   years   past.     The  writer   refers  -to   the   de- 
scription of  the  ventilation  of  the  St.  Clair  Tunnel. 

Mislead  by  the  published  accounts  of  this  tunnel,  while  pursuing 
investigations  on  the  subject,  the  writer  requested  the  General 
Manager  of  the  Pennsylvania  Lines  to  procure  from  the  proper 
officer  of  the  Grand  Trunk  Railway  such  information  as  might  be 
available  in  reference  to  the  working  of  the  plant,  and  the  degree 
of  success  attained  in  ventilating  the  tunnel.  In  reply,  under  date 
of  May  2d,  1904,  Mr.  Frank  W.  Morse,  Third  Vice-President  of 
that  road,  says  that  "it  has  no  artificial  ventilation." 

He  then  quotes  at  some  length  from  a  report  made  in  1893  by 
Joseph  Hobson,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Grand 
Trunk  Railway,  who,  after  stating  the  results  of  his  observations 
and  studies  of  the  movement  of  air  in  the  tunnel,  concludes  that 
artificial  ventilation  is  not  needed,  and  says, 

"In  fact,  I  say  without  the  slightest  doubt,  that,  could  the  accidental 
parting  of  freight  trains  be  prevented,  the  ventilation  would  be  all 
that  could  be  expected  or  desired."  Speaking  of  artificial  means 
(which  he  does  not  think  necessary),  Mr.  Hobson  says  "the  most 
effective  is  a  rotary  fan,  but  the  most  powerful  of  these,  that  I  have 
been  able  to  learn  anything  about,  give  results  little  better  than  those 
secured  by  the  trains  running  through  the  St.  Clair  Tunnel." 

The  misconception  as  to  the  facts  probably  originated  in  the 
article  in  the  Railroad  Gazette  of  September  26th,  1890  (cited  by 
Mr  Churchill).  That  article  contained  a  long  description  of  the 
tunnel,  methods  of  construction,  progress  made,  etc.  It  was  written 
before  the  tunnel  was  fully  completed  and  put  in  service.  It  says, 
"The  tunnel  will  be  ventilated  by  two  Root  blowers  of  10  000  cu.  ft. 
per  min.  capacity."     Evidently  the  "will  be"  did  not  become  reality. 

In  several  instances  cited,  it  has  been  sought  to  improve  the 
ventilation  by  substituting  coke  for  coal.  The  combustion  of  coal 
in  the  firebox  of  a  locomotive  gives  off  about  30  cu.  ft.  of  carbonic 
gases  per  pound  of  coal,  of  which  ordinarily  two-thirds  will  be 
carbon  dioxide  and  one-third  carbon  monoxide,  the  proportions 
varying  somewhat  with  the  condition  of  the  fire  and  the  state  of 
combustion. 

With  coke  the  relative  quantity  of  the  monoxide  produced  is 
much  greater,  and  as  that  gas  is  the  more  deadly  of  the  two,  the 
change  in  fuel  will  make  the  conditions  worse  instead  of  better,  so 
far  as  respiration  is  concerned. 

Unburned  carbon  in  the  smoke  of  soft  coal,  while  it  obscures 
the  vision  and  causes  some  personal  discomfort,  is  practically  harm- 
less from  a  physiological  point  of  view.  But,  when,  as  in  the  case 
of  the  Park  Avenue  Tunnel  in  New  York  City,  safety  depends  on 
clearness  of  vision,  it  may  be  allowable  to  use  coke;  but  only  in  con- 
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nection  with  such  aids  to  ventilation  as  will  insure  proper  dilution  ^r.  Johnson. 
and  prompt  removal  of  the  gases. 

What  is  a  proper  dilution?  The  question  is  answered  by  the 
investigations  of  a  Royal  Commission  in  Italy  in  the  course  of 
their  study  of  the  practical  working  of  the  Saccardo  apparatus  at 
the  Pracchia  Tunnel,  cited  by  Mr.  Churchill.  They  collected  and 
analysed  samples  of  the  gases  in  the  smokestack,  of  the  air  in  the 
cab  and  of  the  air  in  the  tunnel.  At  the  same  time,  the  men  on  the 
engine  were  required  to  report  whether,  in  their  judgment,  they 
found  the  air  good,  bad,  or  very  bad.  The  result,  when  the  reports 
of  the  men  and  the  analyses  were  compared,  was  that  the  Commis- 
sion fixed  the  following  limits,  viz.: 

When  CO.,  +  CO  does  not  exceed  1% "good" 

"        ""  "       "      "        "        2% "bad." 

And,  by  an  unfortunate  accident,  they  were  enabled  to  say  that 
at  3%,  it  becomes  "fatal." 

While  the  proportion  of  2%  is  designated  as  "bad,"  it  may  be 
breathed  without  serious  trovible,  beyond  the  temporary  discomfort, 
provided  the  time  of  exposure  does  not  exceed  seven  or  eight 
minutes. 

When  coke  is  the  fuel,  with  its  larger  proportion  of  the  more 
deadly  m.onoxide,  these  limits  would  have  to  be  materially  reduced. 
A  man  cannot  live  long  in  an  atmosphere  containing  1%  of  the 
monoxide;  dies  qtiickly  in  an  atmosphere  containing  2%,  and  sud- 
denly in  an  atmosphere  containing  10  per  cent. 

Whenever  the  conditions  in  a  tunnel  become  bad,  the  men  on 
the  locomotive  are  the  first  to  feel  the  effects  of  it,  because  the  air 
entering  the  cab  will  usually  contain  an  undue  proportion  of  the 
gases  from  the  smokestack,  which  have  not  as  yet  become  thoroughly 
diffused  through  the  whole  section  of  the  tunnel.  The  fireman  will 
suffer  sooner  than  the  engineer,  because  his  more  active  physical 
exertion  demands  a  larger  supply  of  oxygen,  and  he  succumbs  more 
quickly  when  that  supply  is  cut  off  or  diminished. 

Therefore,  in  installing  a  plant  for  artificial  ventilation,  it  is  not 
sufficient  to  consider  the  problem  only  from  the  point  of  view  of 
clearing  the  tunnel  in  a  specified  time,  but  it  should  first,  and  above 
all,  protect  the  lives  and  health  of  the  men  while  the  train  is  in  the 
tunnel.  Clearing  the  tunnel  of  smoke  after  the  train  has  passed 
out,  and  before  the  next  one  is  due,  is  also  important,  but  only  from 
the  point  of  view  of  preventing  the  second  train  from  entering  an 
atmosphere  already  surcharged  with  noxious  gases. 

It  may  very  well  be,  and  no  doubt  will  be  so  found  in  many 
cases,  that  the  plant  which  clears  the  tunnel  in  a  reasonably  short 
time  after  the  train  has  passed  out,  will  also  so  far  ameliorate  the 
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Mr.  Johnson,  conditions  while  a  train  is  in  the  tunnel,  that  the  result  will  prove 
to  be  satisfactory.  But  a  plant  that  is  capable  of  producing  "good*' 
conditions  with  a  train  in  the  tunnel  will  always  be  able  to  clear 
the  tunnel  quickly  after  the  train  has  passed  out.  It  would  seem, 
therefore,  that  the  former  is  the  more  important  feature  of  the 
problem. 

It  seems  to  the  writer  that  Mr.  Churchill  has  not  sufficiently 
emphasized  the  weak  point  in  all  systems  of  ventilation  by  shafts 
located  at  one  or  more  intermediate  points,  and  with  or  without 
mechanical  aids. 

A  shaft,  without  aid,  depends  for  its  action  on  the  difference  of 
temperature  between  the  interior  of  the  shaft  and  the  outer  air. 
In  summer,  when  the  walls  of  the  shaft  are  cooler  than  the  outer 
air,  the  draft  will  be  downward.  In  winter,  the  reverse  is  the  case, 
and  the  draft  will  be  upward.  In  spring  and  autumn,  there  will  be 
many  days  when  there  is  little  or  no  difference  of  temperature,  and 
then  the  shaft  will  be  inoperative  and  the  air  stagnant,  except  as  the 
passage  of  trains  may  agitate  it  and  create  temporary  movement. 

With  two  shafts  the  result  is  worse,  for  the  draft  of  each  shaft 
will  be  supplied  by  inflow  at  the  nearest  portal,  and  the  intermediate 
section  remains  stagnant. 

In  the  case  of  a  single  shaft,  unequal  conditions,  as  to  tempera- 
ture and  barometric  pressure  at  both  ends,  will  determine  the  course 
of  the  inflow  wholly  from  one  portal  or  the  other,  with  the  result 
that  one-half  of  the  tunnel  will  be  well  ventilated  and  the  other 
half  not. 

If  both  portals  are  at  unequal  elevations,  and,  especially,  if  one 
portal  is  higher  than  the  base  of  the  shaft,  that  half  of  the  tunnel 
toward  the  lower  portal  will  be  the  better  ventilated  most  of  the 
time. 

The  Hoosac  Tunnel  is  unique  in  having  both  portals  at  the 
same  level  with  a  summit  of  grades  at  the  base  of  the  shaft  in  the 
middle  of  its  length.  The  shaft  is  also  of  larger  diameter  and 
greater  depth  than  is  usually  the  case;  therefore,  the  ventilation  of 
this  tunnel  has  been  better  than  is  usually  found  in  this  type. 

The  addition  of  a  fan  helps  matters  in  so  far  as  it  makes  a 
positive  up  draft  at  all  times;  but  it  does  not  relieve  the  difiiculty 
arising  from  unequal  atmospheric  conditions  at  both  ends. 

The  plan  of  forcing  air  into  one  end,  and  creating  a  continuous 
current  throughout  the  whole  length  of  the  tunnel,  as  designed  by 
Mr.  Saccardo  and  by  Messrs.  Churchill  and  Wentworth  (the  two 
systems  differ  only  in  the  form  of  the  air  chamber),  is  the  only  one 
that  gives  full  control  of  the  situation  under  all  circumstances. 

It  is  positive  in  its  action; 

It  is  adaptable  to  varying  conditions,  by  changing  the  speed  of 
the  fan; 
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It  admits  of  economy  of  power  by  stopping  the  fan  during-  in-  ^i'--  Johusou. 
tervals  when  there  are  no  trains. 

The  governing  principles  have  been  well  defined  by  the  work  of 
the  Italian  Commission,  and  a  plant  can  readily  be  designed  to  meet 
the  requirements  of  any  given  case. 

It  is  matter  of  regret  that  the  complete  report  of  that  Commis- 
sion has  not  been  published.  An  abstract  of  it  was  published  in 
the  Bulletin  of  the  International  Railway  Congress  in  1899.  That 
abstract,  however,  did  not  do  justice  to  the  report,  nor  give  an 
adequate  idea  of  the  magnitude  of  the  w^ork  done,  or  the  thorough- 
ness with  which  a  large  mass  of  experimental  data  has  been  di- 
gested, and  the  fundamental  principles  reduced  to  mathematical 
equations,  covering  all  possible  variations  in  the  conditions  of  the 
problem. 

The  data  and  formula  contained  in  the  report  enable  one  to 
determine  for  any  given  case  and  for  different  lengths  of  train  the 
pressure  required  at  one  end  of  the  tunnel  to  produce  a  given  velocity 
of  current  with  the  train  at  rest,  or  at  different  speeds,  or  with  the 
tunnel  free  of  trains;  to  compute  the  velocity  induced  by  the  train 
and  the  pressure  in  front  necessary  to  counteract  or  annul  it;  to 
determine  the  area  of  orifice  and  pressure  in  the  air  chamber  re- 
quired to  produce  the  needed  pressure  and  volume  in  the  tunnel; 
and  to  determine  the  size  and  speed  of  the  fan  and  the  power  to 
drive  it. 

In  fact,  the  report  is  a  masterly  and  exhaustive  treatise  on  the 
subject,  which  should  be  made  available  to  the  profession  at  large. 

The  writer  has  read  Mr.  Fox's  paper  with  great  interest,  and 
notes  two  points  which  seem  to  call  for  further  remark. 

In  regard  to  the  allowable  degree  of  impurity,  the  author  fixes 
upon  2%  of  CO.,,  and  takes  no  note  of  CO,  which  is  always  present 
iii  greater  or  less  quantities,  owing  to  imperfect  combustion  in  the 
firebox,  and  which  is  the  more  deadly  of  the  two. 

The  Royal  Italian  Commission,  which  made  an  exhaustive  study 
of  the  Saccardo  apparatus  at  Pracchia  in  1894,  found  that  the  car- 
bon gases  thrown  off  by  the  locomotive  were  visually  composed  of 
two-thirds  CO,  and  one-third  CO;  these  proportions  varying,  how- 
ever, with  different  conditions  in  the  firebox.  In  exceptional  in- 
stances, the  CO  rose  as  high  as  one-half  of  the  whole,  and,  in 
others,  fell  as  low  as  one-tenth;  but,  in  the  majority  of  cases,  the 
proportions  differed  but  little  from  the  general  average. 

The  results  found  by  the  Commission  have  already  been  given 
in  this  discussion. 

It  may  be  that  the  author  had  the  fact  in  mind  that  air  con- 
taining 2%,  CO,  +  CO,  although  characterized  as  "bad,"  may  be 
breathed  seven  or  eight  minutes  without  harm,  and  meant  to  fix  a 
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Mr.  Johnson,  limit  of  impurity  rather  than  a  standard  of  purity.  If  the  latter  is 
sought,  it  should  not  be  placed  above  1% ;  and  in  ascertaining  the 
e^visting  conditions,  if  the  amount  of  CO2  only  is  determined,  it 
must  not  be  forgotten  that  CO  is  also  present,  and  the  allowable 
amount  of  CO,  should  not  exceed  two-thirds  of  the  respective  limits. 

The  determination  of  the  amount  of  gases  present  in  the  air  is 
the  work  of  a  chemist,  rather  than  that  of  an  engineer.  But  for  an 
ordinary  railway  tunnel,  in  which  only  the  gases  emitted  by  the 
locomotive  need  be  considered,  it  is  not  necessary  to  resort  to  chemi- 
cal analysis  to  obtain  the  information  desired.  In  the  report  of  the 
aforesaid  Commission,  it  is  pointed  out  that  the  rise  in  tempera- 
ture, caused  by  the  passage  of  a  train,  is  in  direct  relation  to  the 
degree  of  impurity  created  by  the  gases  thrown  off. 

The  rise  in  temperature  is,  of  course,  due  to  the  heat  carried  off 
by  the  gases  discharg-ed  through  the  smokestack,  and  by  the  ex- 
haust steam,  and  to  the  heat  radiated  from  the  sides  of  the  boiler. 
These  sources  of  heat  depend  on  the  rate  of  combustion  in  the  fire- 
box and  must  be  mutually  proportional  to  each  other.  Hence  it 
will  be  seen  that  the  increment  of  temperature  corresponding  to 
any  given  degree  of  impurity  will  be  constant. 

For  the  average  conditions  prevailing  at  Pracchia,  it  was  found 
that 

When  CO,  +  CO  =  1%  .•  .  t  =  11.3°  cent.  =  20.3°  fahr. 
"  "  "     =  2%  =  22.9°     "      =  41.2°     '' 

"         "  "    =  3%  =  62.8°     "     =r  62.8°     " 

Under  different  barometric  conditions,  these  figures  would  be 
slightly  modified,  but  so  slightly  that  they  may  be  taken  as  they 
stand,  as  a  simple  means  of  testing  the  condition  of  a  tunnel  in  re- 
spect to  ventilation,  without  resorting  to  direct  analysis  of  the  air. 

In  regard  to  whether  the  artificial  current  should  be  directed 
with  or  against  the  advancing  train,  the  writer  wishes  to  add  his 
voice  to  that  of  Mr.  Fox  in  favor  of  the  latter  direction.  There  are 
two  reasons  for  this : 

First. — The  system  of  blowing  with  the  train  is  objectionable 
from  the  standpoint  of  an  operating  officer,  for  the  reason  that  the 
speed  of  all  trains  must  be  reduced  below  that  of  the  air  current, 
thus  creating  a  perpetual  slow  order  to  forever  hamper  the  move- 
ment of  trains. 

Second. — To  attain  equal  degrees  of  dilution,  that  is  to  say,  to 
reduce  the  air  to  the  same  standard  of  purity,  in  both  cases,  re- 
quires a  larger  expenditure  of  power  when  blowing  with  the  train 
than  against  it,  as  will  be  apparent  from  a  brief  consideration. 

The  gases  emitted  from  the  smokestack  iji  a  unit  of  time  will 
be  diffused  through  the  volume  of  air  encountered  by  the  train  in 
the  same  unit  of  time.     Hence,  when  blowing  with  the  train  the 
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gases  are  diffused  through  a  volume  of  air  measured  by  the  differ-  Mr.  Johnson, 
ence  of  velocities  of  the  train  and  current,  and,  in  the  other  case, 
by  the  sum  of  the  velocities. 

Hence,  in  order  that  the  relative  velocity  of  train  and  air  shall 
be  the  same  in  both  cases,  the  absolute  velocity  imparted  to  the  air, 
when  blowing  with  the  train,  must  equal  the  speed  of  train  plus  the 
required  relative  velocity;  and  when  blowing  against  the  train  the 
absolute  velocity  need  only  equal  the  speed  of  train  minus  the  re- 
quired relative  velocity;  hence  the  greater  power  required  in  the 
former  case. 

As  more  forcibly  illustrating  this  point,  the  writer  quotes  from 
the  report  of  the  Royal  Commission,  before  referred  to,  as  follows: 

"At  first  view  it  may  appear  that  the  artificial  ventilation  could 
be  conveniently  effected  by  pushing  the  air  behind  the  train  in 
such  way  that  the  current  produced  will  outrun  the  train,  thus 
realizing  an  economy  in  consequence  of  the  piston  action  exerted 
by  the  train. 

"To  demonstrate  how  irrational  such  a  system  will  be,  with 
double-header  trains  traversing  the  'Appenine  Tunnel,'  it  is  sufficient 
to  report  the  following  table: 
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a  =  Artificial  current  against  the  train. 
6  =         "  "        with        "        " 


Hence,   from   both   operating   and   engineering  standpoints,   the 
direction  of  the  current  should  be  opposed  to  that  of  the  train. 


linger. 
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Mr.  Brend-  P.  F.  Brendlinger,  M.  Am.  Soc.  C.  E.,  Philadelphia,  Pa. — The 
speaker  has  read  Mr.  Churchill's  paper  with  great  interest,  and  must 
confess  that  it  seems  to  be  the  best  system  for  ventilating  a  single- 
track  tunnel  that  has  yet  been  put  to  a  practical  test.  He  is  now 
watching  with  keen  interest  the  proposed  operation  of  this  system 
applied  to  the  new  tunnel  which  he,  as  contractor,  constructed  for 
the  Pennsylvania  Railroad  Company  on  top  of  the  Allegheny  Moun- 
tains at  Gallitzin,  Pa.,  about  eleven  miles  west  of  Altoona,  Pa. 
The  Pennsylvania  Railroad  Company  had,  up  to  1902,  two  double- 
track  tunnels  at  this  point,  about  500  ft.  apart — one  of  standard 
size,  29  ft.  at  spring  line,  built  in  1898,  and  used  exclusively  for 
east-bound  traffic;  the  other  tunnel,  built  in  1851,  is  only  24  ft. 
wide  at  spring  line,  and  used  exclusively  for  west-bound  traffic. 
There  is  no  trouble  from  smoke  and  gas  in  the  east-bound  tunnel, 
as  the  traffic  goes  down  grade,  and  the  trains  would  descend  by 
gravity  alone  if  permitted ;  besides  the  tunnel  is  only  1  600  ft.  long. 
In  the  west-bound  tunnel,  however,  which  is  3  600  ft.  long  and  has 
a  continuous  ascending  grade  of  1%  for  the  whole  length  of  the 
tunnel,  the  gases  and  smoke  are  exceedingly  disagreeable  to  pas- 
sengers on  the  trains  and  almost  suffocating  to  section  hands  and 
train  crews.  In  1902,  the  Company  awarded  the  contract  for  build- 
ing a  single-track  tunnel  parallel  to  and  80  ft.  center  to  center  from 
the  present  west-bound  tunnel.  This  tunnel  has  the  same  length 
and  grade  as  the  old  one.  It  was  completed  in  May,  1904,  and  put 
in  service  about  July  1st.  The  old  tunnel  was  abandoned  tem- 
porarily for  examination  and  for  making  any  slight  repairs  that 
might  be  needed.  After  about  two  weeks'  use,  it  was  found  that 
there  was  great  danger  of  asphyxiation  to  the  freight-train  crews, 
on  account  of  having  to  use  two  engines  in  front  and  a  pusher  be- 
sides, and  the  necessary  slow  movement;  and,  consequently,  the  old 
tunnel  was  again  put  in  service  for  freight  trains,  the  new  tunnel 
being  only  used  for  passenger  trains. 

The  Pennsylvania  Railroad  Company  has  thoroughly  investi- 
gated Mr.  Churchill's  method  of  ventilating  tunnels,  and  must  be 
well  satisfied  with  its  workings,  because  it  is  now  installing  his 
plant  at  the  east  end  of  the  new  tunnel,  and,  of  course,  intends  to 
blow  the  gases  and  smoke  ahead  of  the  train. 

There  is  another  element  of  danger  besides  that  of  asphyxiation 
and  suffocation  to  train  crews,  section  men,  and  the  traveling  public 
from  gases  and  smoke,  and  that  is  the  safety  of  the  tunnel  itself. 
It  was  found  in  examining  the  old  tunnel,  when  it  was  temporarily 
abandoned,  that  the  smoke  and  gases,  in  combination  with  water, 
had  very  considerably  affected  the  brick  arch.  The  tiinnel  is  lined 
with  rough-point  mountain  sandstone  to  a  height  of  about  45°  in 
the  haunches,   and  above  that  with  five   rings  of  brickwork.     The 
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water  which  seeps  through  the  brick  arch  absorbs  the  gases  from  Mr.  Brend- 
the  engines  and  runs  down  the  sides  of  the  arch  to  the  ditch.  A  ^^'^' 
black  fungus  grows  up  the  side  of  the  stonework;  it  does  not  affect 
that,  but  as  soon  as  it  reaches  the  brick  arch,  the  brick  is  eaten  out 
and  destroyed.  It  occurs  to  the  speaker  that  there  is  a  sulphuric  or 
sulphurous  acid  generated  by  combination  with  the  sulphur  fumes 
or  gases  from  the  engines  with  the  water  from  the  tunnel,  which 
absorbs  the  black  smoke  from  the  engine,  making  a  spongy  black 
fungus,  remaining  attached  to  the  walls,  and  thus  permitting  the 
acid  to  remain  on  the  arch  and  eat  or  dissolve  the  clay  forming  the 
brick.  This  fungiis  does  not  approach  nearer  than  3  or  4  ft.  to  the 
line  of  blast  from  the  stack  of  the  engine,  nor  does  it  occur  where 
the  tunnel  is  dry. 

Charles  S.  Churchill,  M.  Am.  Soc.  C.  E.,  Koanoke,  Va,  (By  Mr.  churchiu. 
letter.) — Mr.  Brendlinger  refers  to  the  ventilating  plant  being  in- 
stalled at  Gallitzin  Tunnel  on  the  Pennsylvania  Railroad.  Since 
the  writing  of  the  paper,  this  installation  has  been  practically  com- 
pleted. It  is  of  the  same  type  as  that  in  use  at  Elkhom  Tunnel  on 
the  Norfolk  and  Western  Railway,  and  at  Big  Bend  Tunnel  on  the 
Chesapeake  and  Ohio  Railway. 

Mr.  Wentworth  has  correctly  shown  by  the  formulas  which  he 
has  given,  that  the  system  of  ventilation,  as  used  at  Elkhorn  Tunnel 
on  the  Norfolk  and  Western  Railway,  and  at  Big  Bend  Tunnel  on 
the  Chesapeake  and  Ohio  Railway,  is  dependent  for  its  successful 
operation  upon  the  proper  proportioning  of  the  nozzle  and  area  of 
air  blast;  but  that  this  in  turn  is  a  function  of  the  length  and 
sectional  area  of  the  tunnel  under  consideration.  When  a  train  is 
in  the  tunnel,  the  cross-section  of  that  also  must  be  considered  as 
modifying  the  area  of  nozzle  outlet. 

Mr.  Johnson  quotes  at  considerable  length  the  results  of  an  in- 
vestigation by  a  Royal  Commission  of  Italy  on  the  working  of  the 
Saccardo  apparatus  at  Pracchia  Tunnel,  as  reported  in  the  Bulletin 
of  the  International  Railway  Congress,  April,  1899.  Unfortunately, 
however,  this  report  is  confined  to  this  tuiuiel  only,  and  it  is,  there- 
fore, the  record  of  a  machine  successfully  operated  at  this  single 
tunnel,  but  with  important  items,  such  as  area  of  cross-section  of 
tunnel,  area  of  cross-section  of  train,  and  volume  of  air  actually 
delivered  entirely  through  the  tunnel  under  different  conditions,  not 
directly  given.  It  is,  therefore,  very  apparent  that  any  conclusions 
drawn  therefrom  will  be  applicable  only  to  a  tunnel  having  a  similar 
cross-section  relative  to  the  trains  passing  through  it. 

This  report,  however,  states  that  the  relative  area  of  cross- 
section  of  tunnel  and  train  at  Pracchia  is  expressed  by  the  formula: 

Cross-section  of  Tunnel  —  Cross-section  of  Train 

Cross-section  of  Tunnel  ~     "'    ' 
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Ml-.  Chui-chui.  This  equation  shows  that  the  section  of  Pracchia  Tunnel  is  six 
times  that  of  the  train.  Compare  this  with  Elkhorn  Tunnel,  with 
ventilating  plant  at  lower  end,  but  with  section  of  tunnel  only  1^^^ 
times  that  of  train;  or  with  Big  Bend  Tunnel,  with  ventilating 
plant  at  upper  end,  but  with  section  of  tunnel  only  1-^  times  that  of 
train;  and  it  is  at  once  discovered  that  the  problems  met  with  and 
successfully  solved  at  these  two  tunnels  are  entirely  different  from 
that  at  the  Italian  tunnel. 

Abstracting  further  from  this  report,  it  is  found  that  notwith- 
standing the  large  space  existing  between  a  train  and  the  walls  of 
Pracchia  Tunnel,  thereby  making  the  resistance  to  the  ventilating 
air  current  quite  low,  nevertheless,  with  an  up-train  running  at 
10  miles  per  hour  and  with  air  forced  against  it  at  a  recorded  speed 
of  532  ft.  per  minute,  this  ventilating  current  becomes  nil  on  the 
entrance  of  a  train  into  the  lower  end  of  the  tunnel.  It  is  further 
stated  that  the  general  maximum  velocity  of  the  ventilating  current 
is  590  ft.  per  minute. 

Now,  carefully  noting  all  these  conditions  at  Pracchia  Tunnel, 
let  us  consider  for  a  moment  Elkhorn  Tunnel,  where  trains  pass 
through  that  leave  but  little  space  between  them  and  the  walls  of 
the  tunnel,  the  trains  often  being  operated  by  three  heavy  locomo- 
tives, and  the  problem  is  seen  to  be  entirely  incomparable  with  that 
at  Pracchia.  The  relative  result  accomplished,  however,  is  shown 
by  time  necessary  to  clear  the  tunnels  under  the  conditions  named. 
At  Pracchia,  in  the  test  referred  to,  it  is  given  as  12  minutes  after 
train  clears — in  other  tests,  as  18  minutes;  at  Elkhorn,  as  shown  in 
the  writer's  paper,  the  tunnel  is  generally  clear  at  about  the  time 
tlie  train  leaves  it. 

In  discussing  the  effect  of  gases  from  a  locomotive  on  life  and 
comfort,  it  appears  that  no  consideration  has  been  paid  to  anything 
other  than  CO,  and  CO.  This  view  is  not  wholly  correct.  An  aver- 
age of  fourteen  tests  of  the  products  of  combustion  from  the  stack 
of  a  boiler  furnace  gives  the  following  results : 

CO2 14% 

CO    1% 

N    76% 

O    9% 

These  latter  two  gases,  N  and  O,  are  probably  combined  as  hot 
air,  the  9%  of  oxygen  uniting  with  36%  of  nitrogen,  thus  leaving 
40%  of  N,  which,  with  14%  of  CO,  and  1%  of  CO,  makes  a  total 
of  55%  of  gases  inert  or  poisonous  which  cannot  support  life,  and, 
therefore,  cannot  be  breathed  without  harmful  results. 

Inasmuch  as  55%  of  the  discharge  from  the  smokestack  of  a 
locomotive  is  useless  for  the  siipport  of  life,  and  the  balance,  or 
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45%,  is  hot  air  mixed  with  unburned  carbon  or  soot,  together  with  Mr.  Churchill. 

steam,  and  considering  the  fact  that  these  inert  gases  have  been 

known  to  collect  in  a  tunnel  to  such  an  extent  as  to  put  out  a  light, 

while  the  temperature  of  the  air  has,  in  a  few  minutes,  been  raised 

30°,  the  writer  remains  fixed  in  the  opinion  that  all  the  products 

from  the  smokestack  should  be  considered  in  treating  of  tunnel 

ventilation  rather  than  carbonic  gases  alone. 

It  is  beyond  dispute  that  conditions  of  tunnel  ventilation  to  be 
met  with  at  this  time  on  American  railroads  are  distinctive  in 
character.  Each  case  must  be  taken  up  in  detail,  and  conditions  of 
traffic  and  speed  of  trains,  as  well  as  relative  cross-sections  of  tun- 
nel and  train,  will  enter  into  the  solution  of  each  case,  in  order  to 
secure  the  particular  degree  of  purity  desired  in  the  tunnel  atmos- 
phere and  around  the  train. 

The  question  is  often  asked:  What  is  the  cost  of  operating  a 
ventilating  plant?  Directly  after  the  installation  of  the  ventilating 
plant  at  Elkhorn  Tunnel,  the  loading  of  east-bound  coal  trains  was 
increased  about  100  tons.  This  is  equivalent  to  a  saving  of  4  east- 
bound  trains  per  day  on  a  run  of  11  miles. 
The  total  saving  in  operating  expenses  per  month  from  de- 
creased train  mileage  amounts  to $1  716.00 

Against  this  is  to  be  charged  the  cost  of  operating  the  ven- 
tilating plant  per  month,  which  is 270.00 

Net  saving  in  operation  on  account  of  installation  of  ven- 
tilating plant  at  Elkhorn  Tunnel  amounts  per  month 
to  about $1  446.00 
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